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SUMMARY 


This  report.  The  Effect  of  MOP P4  on  Ml  98  Howitzer  Crew  Performance,  in  three  volumes 
presents  and  analyzes  Peld  measurements  or  r-sk  completion  times  for  the  crew  of  a  towed,  155 
mm  howitzer  with  crewmembers  in  Battle  Dress  Uniform  (BDU)  and  Mission-Oriented  Protective 
Posture,  Level  4  (MOPP4).  This  volume  of  the  report  focuses  on  tasks  performed  by  an 
individual  crewmember  or  a  subgroup  of  crewmembers  during  fire  missions.  Task  times  for 
crewmembers  in  BDU  are  used  as  baseline  values  to  calculate  performance  degradation  caused 
by  MOPP4.  The  performance  in  MOPP4  is  analyzed  for  both  an  early,  encumbrance  effect  and 
performance  decreasing  with  time  in  MOPP4. 

Section  4  of  this  volume  describes  the  fire  mission  tasks  for  each  M198  crewmember  and  the 
procedure  for  calculating  task  completion  times  from  the  field-measured  event  times.  These 
descriptions  with  event  timelines,  di.splayed  mi.ssion-by-mi.ssion  in  Appendix  A,  provide  a 
comprehensive  picture  of  Ml 98  crew  operations  during  a  fire  mission. 

Fire  mission  scenarios  in  MOPP4  were  conducted  with  standard  crew  posidons  on  some  days 
and  on  other  days  with  rotating  crew  positions  to  reduce  heat  strain  by  distribution  of  metabolic 
work  load  among  crewmembers.  The  results  for  these  two  types  of  scenarios,  denoted  in  this 
repon  by  MOPP4-,S  and  MOPP4-R,  respectively,  arc  presented  .separately  to  facilitate  future 
comparison  of  the  operational  effectiveness  of  the  two  procedures.  Daily  mission  lengths, 
determined  by  crew  attrition  from  heat  strain,  should  provide  an  easy  comparison  of  MOPP4-S 
and  MOPP4-R.  However,  according  to  the  analysis  in  Section  5,  day-to-day  variadons  in 
meteorology  explain  a  substantial  part  of  the  variation  in  daily  mission  length.  A  definitive 
analysis  of  relative  effectiveness  of  the  MOPP4-S  and  MOPP4-R  procedures  would  require  dme- 
dependen'  modeling  of  ambient  meteorological  conditions  and  metabolic  work  rate  of  the  crew. 

Using  all  MOPP4  data.  12  of  22  Ml 98  tasks  show  significant  encumbrance  degradation  when 
judged  by  performance  on  the  first  fire  mi.ssion  of  each  day.  Rcgre.ssion  analysis  of  performance 
versus  time  in  MOPP4  shows  that  perfonn.jtce  degradation  increases  with  time  in  MOPP4  for 
10  of  22  tasks. 

Performance  degradation  in  MOPP4  is  analyzed  by  placing  the  Ml 98  tasks  in  four  groups 
(Section  7)  according  to  whether  a  task  shows  encumbrance  degradation  and  whether  it  shows 
increasing  degrad.ition  with  time  in  MOPP4.  Examination  cf  the  nature  of  the  M198  tasks  in 
each  ".'■oup  leads  to  the  following  conclusions: 


M19X  ta.sks  performed  by  a  single  crewmember  with  no  potential  for  i  .rruptioii  (delay) 
by  another  task  are  least  likely  to  show  perfomaance  degradation  from  MOPP4. 
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2.  M 198  tasks  that  involve  more  than  one  crewmember  are  more  likely  tu  show  encumbrance 
degradation  than  tasks  performed  by  a  single  crewmember. 

3.  For  Ml 98  tasks,  the  likelihood  of  increasing  degradation  with  time  in  MOPP.4  is  not 
sensitive  to  the  number  of  crewmembers  involved. 

4.  The  M198  tasks  for  which  performance  degrades  with  increasing  time  in  MOPP4  tend  to 
have  higher  physical  demand  and  lower  cognitive  demand  than  tasks  that  have  little  or 
no  increase  in  degradation. 

The  richness  of  the  data  set  gathered  and  compiled  during  this  effort  enables  fu  her  analyses. 

Possibilities  are  described  in  the  concluding  section  of  this  volume. 


PREFACE 


This  report  was  prepared  for  the  Radiation  Risk/Safety  Program  at  the  U  S.  Defense  Nuclear 
Agency  (DNA).  DNA’s  technical  monitors  for  this  project  were  Mr.  Robert  A.  Kehlet  and  Dr. 
Robert  W.  Young  of  the  Environments  and  Modeling  Division.  The  analysis  in  this  volume  of 
tlx  report  was  supported  by  ARES  Corporation  with  funding  from  DNA  through  Contract  DNA 
001'90-C-0164.  Pacific-Sierra  Research  Corporation  (FSR)  participated  with  funding  from  the 
same  contract  through  subcontract  ARES-PSR-90-C-001. 

Data  ’.vere  eollecxd  by  ONA  researchers  from  ARES,  EAI  Corporation,  and  PSR  on  a 
noninterference  basis  during  a  four- week  exercise  conducted  in  August  of  1992  by  the  U  S.  Army 
Human  Engineering  Laboratory  (HEL)  at  Aberdeen  Proving  Ground.  The  exercise,  Assessment 
of  Towed  Ardlery  (Ml 98)  Crew  Performance  in  NBC  Protective  Clothing,  was  directed  by  Mr. 
Oresi  Zubal  of  HEL  whose  cooperation  is  gratefully  acknowledged.  The  exercise  was  funded 
by  the  P^NBC^  Project  Office  of  the  U.  S.  Army,  the  acronym  standing  for  Psychological  and 
Physiological  Effects  of  the  NBC  Environment  and  Sustained  Operations  on  Systems  in  Combat. 
Mr.  Kehlet  of  DNA  and  Mr.  Don  Cunningham,  P^NBC^  Program  Manager,  U.  S.  Army  Chemical 
School,  were  instrumental  in  arranging  on  short  notice  for  he  DNA  research  team  to  take 
advantage  of  this  important  data  collection  opportunity. 

Volume  1  of  this  report  provides  an  analysis  of  the  M01''P4- induced  performance  degradation 
of  aggregate  crew  activities,  specifically,  emplacement  and  displacement  times  and  rates  of  fire. 
Volume  i  provides  a  comparison  of  field-measured,  crewmember  performance  degradation  with 
estimates  of  performance  degradation  obtained  from  the  same  crewmembers  with  a  questionnaire. 
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(cross-hatched)  of  baseline  pcrfoimance.  Task:  relay  orders .  62 
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6-2  Performance  vs  tirae-in-M0PP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standa'^d  error 

(cross-hatched)  of  baseline  performance.  Task:  begin  set  deflection.  ...  63 

6-3  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regres.sion  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  cnor  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  pcrfoimance.  Task:  set  deflection.  .  . 
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6-4  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  performance.  Task:  traverse  tube  1.  . 

6-5  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  tlie  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  performance.  Task:  traverse  tube  D. 

6-6  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  performance.  Task:  begin  set  elevation. 

6-7  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  performance.  Task:  set  elevation.  .  .  .  . 

6-8  Performance  vs  time-in-MOPP4  with  standard  crew  position.^. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  performance.  Task:  elevate  tube . 

6-9  Perfonnance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-liatchcd)  of  baseline  performance.  Task:  begin  first  load. 
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6-10  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  perfomiance.  Task:  load  projectile . .  71 

6-11  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  tlie  mean  (dashea;.  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  load  first  powder.  .  72 

6-12  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  load  first  projo  and  pwdr.  73 

6-13  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  lock  breech  and  prime.  .  74 

6-14  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  fire .  75 

6-15  Performance  vs  timc-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
tile  standard  deviation  (striped)  and  standaid  error 

(cross-hatched)  of  baseline  performance.  Task:  open  breech .  76 
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6  16  Performance  vs  time-in-MOPP4  with  standara  crew  positions. 

The  regression  line  is  flanked  by  the  68Vo  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed)  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  performance.  Task:  swab  chamber.  .  . 


6-17  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  performance.  Task:  check  sight  .  .  .  . 


6-18  Performance  vs  time-in-IvIOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  performance.  Task:  begin  reload. 


6-19  Perfomiance  vs  time-in-MOPP4  with  standard  crew  positions. 

Tne  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  or  baseline  performance.  Task:  reload  powder.  .  . 
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6-20  Perfoimance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 

and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 

the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Ta.sk:  reload  projo  and  pwd. 
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6-21  Perfoimance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  performance.  Task:  last  open  breech.  . 
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6-22  Performance  vs  tinie-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  swab  and  inspect.  .  83 

6-23  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  relay  orders .  84 

6-24  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  begin  set  deflection.  ...  85 

6-25  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  set  deflection .  86 

6-26  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  traverse  tube  II .  87 

6-27  Performance  vs  tirae-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  begin  set  elevation .  88 
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6-28  Performance  vs  timc-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  performance.  Task:  set  elevation . 
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6-29  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  ihe  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  performance.  Task:  elevate  tube . 


6-30  Performance  vs  tinic-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  performance.  Task:  begin  first  load.  . 

6-31  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (stiiped)  and  standard  error 
(cross-hatched)  of  baseline  performance.  Task:  load  projectile.  .  . 


6-32  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 
(cross-hatched)  of  baseline  perfonnance.  Task;  load  first  powder. 
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6-33  Perfoimance  vs  time-in-MOPP4  with  standaid  crew  positions. 

The  regression  line  is  flanked  by  tlic  68%  confidence  band  (dotted) 
and  the  standard  eiror  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  load  first  projo  and  pwdr. 
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6-34  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  lock  breech  and  prime.  .  95 

6-35  Pcrform;ince  vs  timc-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  fire .  96 

6-36  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

Tlie  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  open  breech .  97 

6-37  Performance  vs  timc-in-MOPP4  with  standard  crew  positions. 

The  regiession  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  Hie  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  swab  chamber .  98 

6-38  Performance  vs  time-in-M0PP4  witli  standard  ctew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  check  sight .  99 

6-39  Perfojmance  vs  tirae-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  enw 

(cro.ss-hatched)  of  baseline  performance.  Task:  begin  reload .  100 
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6-40  Perforrnance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  stindard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  perfonnance.  Task:  reload  powder. .  101 

6-41  Performance  vs  time-in-MOPP4  witli  standard  crew  positions. 

The  regression  line  is  flarJccd  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  enor 

(cross-hatched)  of  baseline  performance.  Task:  reload  projo  and  pwdr.  .  102 

6-42  Performance  vs  time-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  68%  confidence  band  (dotted) 
and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (sniped)  and  standard  error 

(cross-hatched)  of  baseline  petformance.  Task:  last  open  breech .  103 

6-43  Performance  vs  timc-in-MOPP4  with  standard  crew  positions. 

The  regression  line  is  flanked  by  the  ‘,'8%  confidence  band  (dotted) 


and  the  standard  error  of  the  mean  (dashed).  The  plot  includes 
the  standard  deviation  (striped)  and  standard  error 

(cross-hatched)  of  baseline  performance.  Task:  swab  and  inspect .  104 
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A-29  Crew  3  timelines  for  fire 
A-30  Crew  3  timelines  for  fire 
A-31  Crew  3  timelines  for  fire 
A-32  Crew  3  timelines  for  fire 
A-33  Crew  3  timelines  for  fire 
A-34  Crew  3  timelines  for  fire 
A-35  Crew  3  timelines  for  fire 
A-36  Crew  3  timelines  for  fire 
A-37  Crew  3  timelines  for  fire 
A-38  Crew  3  timelines  for  fire 
A-39  Crew  3  timelines  for  firt, 
A-4()  Crew  3  timelines  for  fire 


missions  7  and  8  in  MOPP4-S 
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missions  12  and  13  in  BDU  . 
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missions  7  and  8  in  MOPP4-R 
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SECTION  1 
INTRODUCTION 


During  August  of  1992,  a  team  of  contractors  sponsored  by  the  Defense  Nuclear  Agency 
(DNA)  participated  in  an  artillery  field  exercise  at  Aberdeen  Proving  Ground  under  the  U.  S. 
Army’s  P^NBC^  program.  The  purpose  of  the  exercise  was  to  measure  and  contrast  various  task 
completion  times  of  an  Ml 98  howitzer  crew  in  battle  dress  uniform  (BDU)  and  in  full  nuclear 
and  chemical  protective  gear  (Mission-Oiiented  Protective  Posture,  Level  4  or  MOPP4).  The 
DNA  team,  on  a  noninterference  basis,  recorded  time  and  motion  data  for  the  exercise.  Volume 
1  presents  data  on  howitzer  emplacement  and  displacement  times  and  data  on  fire  mission  times 
aggregated  to  the  level  of  time  to  first  round  and  time  between  rounds.  This  report  (Volume  2) 
provides  detailed  results  for  20  crew  tasks  composing  a  fire  mission. 

For  easy  reference,  basic  descriptive  data  for  the  exercise  from  Volume  1  is  repeated  in  this 
introduction. 

1.1.  DESCRIPTION  OF  THE  M198  HOWITZER  CREW. 

The  M198  howitzer  is  a  towed,  155  mm  weapon  and  was  manned  by  a  ten-member  U.  S. 
Marine  crew  for  this  exercise.  The  crew  consisted  of  a  Chief  of  Section,  a  Gunner,  an  Assistant 
Gunner,  a  Radio  Telephone  Operator  (or  Recorder),  and  six  Cannoneers.  The  six  Cannoneers 
are  the  loader  (No.  1  Cannoneer),  tliree  projectile  handlers,  and  two  powder  men.  Table  1-1 
summarizes  the  main  tasks  of  the  crew  during  a  fire  mission. 

Table  1-1.  Brief  task  descriptions  for  the  crew  of  the  M198  (155  mm)  howitzer  during  fire 
missions. 

Crew  Memher(s)  Task  Descriptions 

Chief  of  .Section  Receive  tire  order  and  call  projectile,  charge,  fuze,  deflection  and 
quadrant  elevation  (QE). 

Gunner  Set  deflection  on  sight,  traverse  tube/level  bubble,  check  sight 

picture  and  level  bubble.s. 

Assistant  Gunner  Set  QE  on  range  quadrant  and  elevate  tube/level  bubbles. 

Load  projectile  and  propellant.  Close  breech  and  prime  firing 
mechanism.  Attach  lanyard.  Open  breech,  swab  and  inspect  bore. 


c^annoncers 


Selection  of  event  times  to  be  recorded  was  based  primarily  on  the  major  task  groups  as 
represented  in  Table  1-1  and  secondarily  on  readily  discernible  aural  or  visual  cues  for  the  human 
observers.  A  team  of  observers  collected  data  in  real  time  using  notebook  computers  and 
appropriate  software  as  described  in  Section  2  of  this  report.  These  events  are  used  to  calculate 
task  times  as  desenbed  in  Section  3.  Table  1-2  outlines  the  recorded  time  points  for  each  fire 
mission. 


O 
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Table  1-2.  Fire  mission  events  recorded  for  the  M198  howitzer  including  schematic  timelines. 


Event 


t  =  Time  Recording  Points 


CHIEF  OF  SECTION 
Receive/call  out  fire  mission 
Standby 


t  —  t 


GUNNER 

Set  deflection  on  sight* 
Traverse  tube/level  bubble 
Check  sight  picture 


t  — 


t—  t 


ASSISTANT  GUNNER 
Set  QE  on  range  quadrant* 
Elevate  tube/level  bubbles 
Depress  tube  for  loading 


t  — 
t  —  t 


CANNONEERS 
Load  start  (set  tray) 
Ram  projectile 
Close  breech;  prime 
Fire 

Open  brccch/swab  bore 


t  —  t 


t  —  t 


RANGE  SAFETY  OFFICER 
Safety  check 


t  —  t 


*The  end  of  this  task  is  marked  by  the  beginning  of  the  subsequent  event. 
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1.2.  DESCRIPTION  OF  THE  M198  HOWITZER  EXERCISE. 

Three  M198  howitzer  crews  spent  two  weeks  each  in  this  exercise.  After  a  week  of 
preparation  and  training,  each  crew  conducted  a  series  of  fire  missions  for  the  record  on  Monday, 
Wednesday,  and  Friday  of  their  second  week.  A  day’s  planned  exercise  included  1 7  fire  missions 
with  a  total  of  89  inert  rounds  to  be  fired.  Table  1-3  presents  the  three  mission  scenarios  used 
by  the  crews  The  three  scenarios  are  similar,  consisting  of  the  same  17  fire  missions  with  minor 
variations  in  order.  Each  scenario  begins  with  7  fire  missions  totaling  30  rounds  followed  by  a 
road  march  for  resupply.  Five  of  these  first  missions  are  normal,  that  is,  the  elevation  angle  is 
low  enough  that  the  barrel  need  not  be  depressed  between  rounds  for  reload.  The  other  two  fire 
missions  are  high  angle,  requiring  the  barrel  to  be  depressed  for  reload. 

After  re.<upply,  each  scenaiio  has  10  fire  missions  totaling  59  rounds.  Nine  of  these  are 
normal  fire  missions,  ranging  from  3  to  5  rounds  each.  The  other  fire  mission  is  a  zone  and 
sweep  mission  consisting  of  25  rounds.  The  aim  point  for  each  round  of  the  zone  and  sweep  is 
shifted  to  generate  a  5-by-5  grid  pattern  for  the  laydown.  The  zone  and  sweep  fire  mission  is 
the  most  demanding  as  far  as  sustained  effort  is  concerned. 

Table  1-4  presents  the  schedule  of  scenarios  followed  by  each  crew  and  the  outcome  for  each 
scenario.  In  battle  dress  uniform  (BDU),  all  three  crews  completed  the  scenarios  as  planned. 
Crew  1  repeated  its  BDU  exercise  on  Friday  (with  a  different  scenario)  because  of  technical 
difficulties  with  instrumentation  on  the  howitzer  on  Monday,  the  first  day  of  the  exercise.  Since 
the  DNA  team  also  made  adjustments  in  its  data  taking  procedures  following  the  first  day’s 
experience,  this  report  does  not  analyze  the  first  day’s  data  for  Crew  1 . 

On  one  day  for  each  crew,  all  operations  were  conducted  in  MOPP4  with  standard  crew 
positions  and  standard  adjustments  for  loss  of  crew  members  (MOPP4-S).  Crews  2  and  3  also 
conducted  a  day  of  operations  in  MOPP4  with  an  experimental,  regimented  rotation  of  crew 
positions  designed  to  distribute  the  thermal-related  work  load  more  evenly  across  crew  members 
(MOPP4-R).  In  addition  to  changing  positions  for  the  regimented  rotation,  one  crew  member 
was  rotated  into  the  shade  for  rest  after  each  fire  mission. 

As  part  of  the  safety  conditions  of  the  exercise,  medical  personnel  monitored  the  core 
temperature,  heart  rate,  and  skin  temperature  of  each  crew  member  while  in  MOPP4  to  limit  the 
amount  of  heat  stress  to  be  suffered  by  each.  The  first  limitation  was  that  a  crew  member’s  core 
bod .  temperature  should  not  rise  above  39.4  degrees  Centigrade.  In  addition,  a  crew  membier’s 
heait  rate  should  not  exceed  160  beats  per  minute  for  more  than  five  minutes  at  rest  r  ihould 
it  exceed  1 80  for  more  than  five  minutes  at  work.  If  any  of  these  physiological  conditions  were 
exceeded  by  a  crew  member,  he  was  withdrawn  from  operations  and  given  medical  attention. 
The  remaining  crew  members  then  resumed  operations  with  position  and  task  adjustments  as 
necessary.  When  only  six  crew  members  remained,  the  exercise  was  halted. 
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Table  1-3. 

Daily  mission  scenarios  showing  number  of  rounds  planned  for  each  fire  mission. 

• 

C*) 

Fire  Mission  Number  Number  of  Rounds  (Alternate  Mission  Scenarios) 

# 

A 

B 

C 

• 

’■ 

■  1 

1 

6 

6 

6 

2 

5  HA' 

4 

5  HA 

3 

4 

5  HA 

4 

• 

4 

4 

4 

5  HA 

5 

5  HA 

5  HA 

4 

6 

3 

3 

3 

, 

7 

3 

■> 

3 

• 

Resupply  and  road  march 

• 

8 

4 

4 

4 

9 

3 

25  ZS^ 

3 

10 

25  ZS 

3 

5 

11 

5 

5 

25  ZS 

• 

• 

12 

5 

5 

3 

) 

J 

13 

3 

3 

3 

■j 

14 

3 

5 

C, 

;| 

15 

5 

3 

3 

16 

3 

3 

3 

• 

■ 

■  ■ 

17 

3 

3 

5 

: 

'HA  = 

High  angle  (elevation  greater  than  1000  mils) 

• 

:■! 

'ZS  = 

Zone  and  sweep 

r 

e 

• 

1s' 

4 

fL. 

• 

■  ' 

* 

• 

•  • 

'S  • 

•  • 

• 
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Table  1-4.  Summaiy  of  daily  scenarios  for  the  P^NBC^  M198  howitzer  exercise. 

Fire 


Dale 

Mission 

Scenario 

Missions 

Rounds 

(1992) 

Crew 

Weekday 

Scenario 

Posture' 

Completed 

Completed 

Fired 

10  Aug 

1 

Monday 

A 

BDU 

Yes 

17 

89 

12  Aug 

1 

Wednesday 

C 

MOPP4-S 

No 

7 

30 

14  Aug 

1 

Friday 

B 

BDU 

Yes 

17 

89 

17  Aug 

2 

Monday 

A 

BDU 

Yes 

16' 

89 

19  Aug 

2 

Wednesday 

B 

MOPP4-S 

No 

6 

27 

21  Aug 

2 

Friday 

C 

MOPP4-R 

Yes 

17 

r,9 

24  Aug 

3 

Monday 

B 

MOPP4-S 

No 

8+ 

42' 

26  Aug 

3 

Wednesday 

A 

BDU 

Yes 

17 

89 

28  Aug 

3 

Friday 

C 

MOPP4-R 

No 

9 

37 

Totals  114+  581 

'  BDU  =  Battle  dress  uniform 

MOPP4  -  Mission-Oriented  Protective  Posture,  Level  4 
-S  =  Standard  positions  with  adjustments  for  missing  crew  members 

-R  =  Regimented  rotation  of  crew  positions  to  distribute  thermal  work  load 

^  On  this  day,  rounds  from  Fire  Mission  17  were  included  in  Fire  Missioti  i6  to  meet  a  time  deadline 
for  cessation  of  firing. 

■’  On  Monday,  Crew  3  operations  were  halted  after  partial  completion  of  fire  mission  9  (8  of 
25  rounds  fired). 

For  all  three  crews,  the  first  scenario  followed  in  MOPP4  was  with  staiidaid  crew  positions 
(MOPP4-S).  None  of  the  crews  was  able  to  complete  its  scenario.  Each  crew  completed  6,  7, 
or  8  fire  missions  before  medical  personnel  pulled  the  fourth  crewmember,  halting  the  exercise. 
Crew  3  fired  the  most  rounds,  pa  tally  completing  its  zone  and  sweep  fire  mission  in  Scenario 
B. 

Crews  2  and  3  followed  a  scenano  in  MOPP4  with  regimented  rotation  (MOPP4-R).  The 
members  of  Crew  2  paced  themselves  well  and  were  able  to  complete  all  17  fire  missions, 
although  only  7  crewmembers  remained  for  the  later  fire  missions.  Crew  3,  on  the  other  hand. 


completed  only  9  fire  missions,  fewer  than  for  its  MOPP4-S  scenario. 

Table  1-5  presents  the  mission  start,  stop,  elapsed  times,  and  reason  for  termination.  As 
procedures  became  routine,  there  was  a  genend  trend  toward  earlier  start  times.  On  only  one  day 
did  operations  halt  before  noon  Eastern  Daylight  Time  (EDT). 

Table  1-5.  Start,  stop  and  total  times  for  each  day  of  the  M198  hov.htzer  es.crcise. 


Mission  Reason  for 


Day' 

Starf 

iMst  Round 

Mission  End 

Temiination 

Total  Elapsed  Time 

CIM 

10.6272 

15.9125 

16.2561 

Normal 

5.629  =  5h  38ra 

CIW 

10.2944 

12.3767 

13.20 

Medical 

2.906  =  2h  54m 

CIF 

9.6672 

13.5925 

13.7772 

Normal 

4.11  =  4h  7m 

C2M 

10.1508 

14.0078 

14.00 

Range  Safety 

3.857  =  3h  51m 

C2W 

9.6656 

11.3967 

11.433 

Medical 

1.768  =  Ih  46m 

C2F 

9.5894 

15.7303 

16.0047 

Normal 

6.415  =  6h  25m 

C3M 

9.7183 

14.9169 

14.9333 

Medical 

5.215  =  5h  13m 

C3W 

9.0956 

13.3503 

13.5775 

Normal 

4.482  =  4h  29m 

C3F 

9.0814 

13.1069 

13.15 

Medical 

4.069  -4h  4m 

‘See  Table  1-4  for  dates.  CIM  =  Crew  1,  Monday,  etc. 

^All  times  except  the  last  column  are  clock  tir  .e  tLD'  )  expressed  in  decimal  hours. 


Personnel  in  the  exercise  w.re  assigned  parli;'!;  ant  identification  (PID)  numbers  denoting 
their  crew  and  position.  Table  i-6  lists  each  P!D 


Table  1-6.  Participant  identification  numbers  for  the  M198  howitzer  exercise. 
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Crew  1 

Crew  2 

Crew  3 

10 

20 

30 

11 

21 

31 

12 

22 

32 

13 

23 

33 

14 

24 

34 

15 

25 

35 

16 

26 

36 

17 

27 

37 

18 

28 

38 

19 

29 

39 

Position 

Chief  of  Section 
Gunner 

Assistant  Gunner 

No.  1  Cannoneer  (loader) 

No.  1  Ammo  (projectile  handler) 
No.  2  Ammo  (projectile  handler) 
No,  1  Powder 
No.  2  Powder 

Radio  Telephone  Operator  (RTO) 
Driver"  (projectile  handler) 


"In  the  US  Marine  Corps  the  driver  is  not  part  of  the  gun  section,  but  is  assigned  with  his  vehicle 
from  the  motor  section.  For  this  exercise,  the  driver  participated  in  fire  missions  (as  a  projectile 
handler)  following  procedures  of  US  Army  artillery  crews.  In  this  manner,  the  driver  was 
available  to  assume  or  share  duties  of  crewmembers  who  were  pulled  for  heat  strain. 


O 


•  • 


SECTION  2 

DATA  COLLECTION  AND  DESCRIPTION  OF  RECORDED  EVENTS 


($> 


This  section  describes  the  method  of  data  collection  and  the  nature  of  the  events  recorded 
for  the  M198  howitzer  fire  missions.  Although,  descriptions  are  cast  in  standard  U.S.  Army 
terminology  as  far  as  possible,  evolution  of  equipment  and  procedures  and  limits  on 
documentation  available  to  the  authors  has  likely  introduced  some  nonstandard  terminology.  The 
authors  have  strived  for  consistency  across  the  three  volumes  of  this  report  and  hope  that  clarity 
will  result. 

2.1,  METHOD  OF  DATA  COLI.ECTION. 

The  activities  of  the  seven  to  ten  member  crew  of  a  155  mm  towed  howitzer  during  a  fire 
mission  form  a  complex  network  of  tasks.  A  few  observers  with  stopwatches  can  achieve  only 
a  cursory  time  characterization  of  such  an  operation.  With  a  fire  rate  that  approaches  one  round 
every  20  or  25  seconds,  each  observer  can  reliably  measure  and  write  down  only  one  or  two  time 
intervals  per  round.  Additional  measurements  could  be  obtained  from  repeated  replays  of  a  video 
tape,  but  the  process  would  be  cumbersome.  For  such  complex  crew  operations,  a  better  method 
of  observation  is  desirable. 

Fast,  portable  personal  computers  provide  an  economical  and  powerful  alternative  to  the 
stopwatch.  At  the  push  of  a  key  on  its  keyboard,  a  properly  programmed  computer  will  read  its 
internal  clock  and  store  the  tim  and  the  identity  of  the  key  pushed.  The  computer  reads  and 
stores  much  faster  than  human  response  times.  The  data  recording  rate  is  determined  by  how 
quickly  the  observer  can  identify  and  push  the  proper  alphanumeric  keys.  Even  an  unpracticed, 
hunt-and-peck  typist  can  record  data  much  faster  in  this  way  than  with  a  stopwatch,  pencil  and 
clipboard.  Additionally,  the  recorded  data  is  in  an  electronic  form  convenient  for  numerical 
analysis. 

To  record  the  activities  of  the  M198  howitzer  crew  during  the  P^NBC^  artillery  test  at 
Aberdeen  Proving  Grounds  in  August,  1992,  we  used  a  data  logger  program  provided  through 
the  courtesy  of  Dr.  Greg  King  of  DNA’s  Armed  Forces  Radiobiology  Research  Institute 
(AFRRI).  The  program  was  written  by  Mr.  Tom  Lively  of  AFRRI.  The.  logger  program 
provides  for  the  convenient  construction  of  a  template  which  associates  a  numerical  code  with 
each  event  to  be  observed  and  then  associates  each  code  with  one  of  the  computer's  alphabetic 
(letter)  keys.  F.ach  event  is  either  impulsive  or  continuous.  For  an  impulsive  event  the  program 
records  the  time  at  which  a  letter  key  is  pushed  along  with  the  key’s  event  code  from  the 
template.  The  duration  of  the  impulsive  event  is  assumed  to  be  too  short  for  the  human  observer 
to  measure.  Alternatively,  the  impulsive  event  may  be  viewed  as  a  time  marking  the  beginning 
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or  end  of  an  operation.  For  a  continucjs  event,  the  logger  program  starts  timing  an  intei-val 
when  a  key  is  pushed  once  and  stops  the  interval  when  the  same  key  is  pushed  again.  The 
program  records  the  duration  and  stop  time  of  the  interval  along  with  the  key’s  event  code  from 
the  template.  All  times  are  recorded  as  elapsed  times  from  the  start  of  the  data  recording  session 
with  a  precision  of  0.01  seconds.  Each  data  file  has  a  header  that  includes  the  template  with  key 
assignments  and  the  date  and  time  that  the  recording  session  was  started.  Additionally,  the 
program  allows  alphanumeric  comments  to  be  entered  in  the  data  file  during  a  recording  session. 

The  following  subsections  describe  the  data  logger  template  used  for  the  Ml 98  exercise. 
Events  are  listed  by  the  letter  key  assigned  and  title  of  each  event  as  listed  in  Table  1-2.  The 
paragraphs  include  descriptions  of  the  events  and  cues  used  for  timing  from  the  vantage  point 
of  the  observers. 

2.2.  EVENTS  RECORDED  BY  ALL  DATA  LOGGERS. 

Two  events  in  each  fire  mission  were  recorded  by  every  data  logger. 

F  ....  Fire 

Each  data  logger  used  "F"  to  mark  the  fii  ing  of  the  howitzer.  Although  originally  planned 
as  part  of  the  Cannoneers’  tasks,  at  the  end  of  the  first  day  it  was  apparent  that  the  firing  of  the 
howitzer  was  a  useful  marker  to  include  in  every  data  file.  Analysis  of  the  "F"  key  strikes  in 
each  data  fi'e  provides  continuous  calibration  of  the  computer  clocks  among  observers. 

Early  in  the  exercise,  some  variance  w'as  introduced  in  the  recording  of  firing  times  by  the 
multiple  cues  for  firing:  the  Chief  of  Section  calls  "fire",  the  No.  1  Cannoneer  (Loader)  pulls 
the  lanyard,  and  the  howitzer  goes  off.  Although  we  moved  toward  cuing  on  the  muzzle  blast, 
there  is  inevitable  anticipation  based  on  the  other  cues.  This  anticipation  sometimes  caused 
multiple  "F"  key  strikes  for  a  single  round,  especially  on  Monday  of  the  second  week,  when  an 
inexperienced  Loader  had  repeated  misfires.  We  frequently  hit  "F"  every  time  he  pulled  the 
lanyard  until  he  got  the  howitzer  to  fire.  Usually,  the  last  "F"  key  strike  in  a  series  is  the  correct 
one. 

On  other  occasions,  multiple  key  strikes  for  "F"  are  spaced  too  closely  (about  0. 1  seconds) 
to  have  been  caused  by  confusion  of  events.  These  multiple  strikes  may  have  been  caused  by 
key  bounce  or  by  operator  rcficx  response  to  the  concussion  of  firing.  In  these  cases  the  first 
key  strike  is  likely  to  be  correct. 

Y  .  ..  End  of  fire  mission 

Each  days  planned  .scenario  consisted  of  multiple  fire  missions  with  3  to  25  rounds  each. 
There  were  always  7  missions  planned  before  resupply  and  10  missions  planned  after.  Each  data 
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iogger  used  "Y"  to  mark  the  completion  of  a  fine  mission.  The  primary  function  of  "Y"  is  to 
organize  the  data  files.  "End  of  mission"  was  not  called  in  a  manner  consistent  enough  to 
warrant  timing.  Either  the  time  of  the  last  round  fired  or  the  end  of  the  last  inspection 
(swabbing)  of  the  bore  are  better  quantitative  indicators  of  the  end  of  mission  for  the  purpose  of 
data  analysis. 

2.3.  EVENTS  RECORDED  BY  LOGGER  NO.  1:  MAINLY  CANNONEER  TASKS. 

During  fire  missions,  Logger  No.  1  recorded  the  cannoneer  tasks  and  the  receipt  and  calling 
out  of  fire  mission  orders.  Many  of  the  cannoneer  tasks  involve  a  team  effort.  A  tlnee-man 
subgroup  prepares  and  loads  the  projectiles.  Two  of  them  carry  the  projectile  on  a  tray  and  the 
third  trails  with  the  ramrod.  The  Number  One  Cannoneer  does  not  participate  in  loading  the 
projectile.  Another  two-man  subgroup  prepares  the  propellant.  One  man  stays  near  the 
propellant  tent  while  the  other  brings  the  propellant  bag  to  the  Numbe*  One  Cannoneer.  The 
Number  One  Cannoneer  inserts  the  propellant  into  the  chamber  after  tiie  projectile  has  been 
loaded,  closes  the  breech,  inserts  a  primer,  latches  the  firing  mechanism,  attaches  the  lanyard,  and 
fires  the  howitzer  by  pulling  the  lanyard  on  command  from  the  Chief  of  Section.  After  firing 
the  howitzer,  the  No.  1  Cannoneer  opens  the  breech  and  swabs  the  bore  in  preparation  for  the 
next  round.  Aside  from  the  physical  exertion  required  of  the  projectile  handlers  (the  "ammo 
bumpers"),  the  No.  1  Cannoneer  is  usually  the  most  active  crewmember. 

O  ....  Receive/call  out  fire  mission 

We  used  "O"  to  time  the  receipt  and  calling  out  of  the  fire  mission.  The  first  indication  of 
a  fire  mission  is  a  shrill  tone  from  the  communications  device  on  the  left  trail  of  the  gun.  Either 
the  Recorder  (RTO  man)  or  the  Chief  of  Section  calls  out  "fire  mission"  and  everyone  else 
repeats  the  phrase.  Then  the  Chief  of  Section  calls  out  each  element  of  the  orders  and  receives 
confirmation  from  the  designated  crewmcmber(s).  The  last  command  called  out  was  the  quadrant 
elevation,  immediately  preceded  by  the  deflection.  Logger  No.  1  started  "O"  at  the  verbal 
command  "fire  mission"  rather  than  when  the  tone  sounded.  Logger  No.  1  ended  "O"  when  the 
quadrant  elevation  had  been  repeated  back  by  the  Assistant  Gunner. 

L  ....  Lx>ad  start  (set  tray) 

The  projectile  tray  has  a  leading  lip  that  sets  into  the  rim  of  the  open  breech  of  the  howitzer. 
Tlie  verbal  command  "scat"  was  used  to  coordinate  the  two  cannoneers  setting,  the  tray  into  the 
breech.  Logger  No.  1  used  "L"  to  record  this  event.  There  was  a  visual  cue  as  the  cannoneers 
hefted  the  tray  into  position  as  well  as  an  audible  clunk  when  the  lip  of  the  iray  hit  the  breech 
rim.  The  line  of  sight  from  our  observation  point  to  the  breech  was  nearly  always  obstructed  at 


this  moment  by  either  the  No.  1  Cannoneer,  the  Chief  of  Section,  or  the  powder  man  bringing 
the  propellant  bag.  Thus,  the  primary'  cue  for  the  "L"  key  strike  was  the  clunk  of  the  projectile 
tray  hitting  the  breech. 

For  a  normal  fire  mission,  the  elevation  angle  is  small  enough  that  full  elevation  does  not 
impair  the  ability  of  the  projectile  handlers  to  load  the  projectile.  Therefore,  the  timing  of  the 
"L"  event  is  not  dependent  on  the  timing  of  the  elevate  tubeAevel  bubbles  event  or  vice  versa. 
On  the  first  round  of  a  normal  fire  mission,  the  "L"  event  indicates  the  time  taken  for  the 
projectile  handlers  to  prepare  the  projectile  in  response  to  fire  mission  orders  and  bring  it  to  the 
breech. 

Generally,  on  second  and  subsequent  rounds  of  a  fire  mission,  preparation  of  the  next 
projectile  is  done  by  the  time  the  previous  round  has  been  fired.  In  this  case,  the  projectile 
handlers  are  waiting  with  the  projectile  on  the  tray  while  the  No.  1  Cannoneer  swabs  the  breech 
and  inspects  the  tube  to  insure  that  the  bore  is  clear  of  residue  from  the  previous  round. 
Therefore,  the  preparation  of  the  projectile  is  not  a  rate  lirmting  event.  However,  procedural 
differences  were  noted  from  crew  to  crew.  Typically,  the  projectile  handlers  would  bring  the  tray 
within  a  few  feel  of  the  breech  during  the  swabbing  of  the  breech  and  be  ready  to  seat  the  tray 
immediately  after  the  No.  1  Cannoneer  cleared  the  area.  On  some  days,  the  projectile  handlers 
were  more  cautious,  waiting  as  far  as  15  or  20  feet  from  the  breech  until  the  swab  and  bore 
inspection  were  complete.  This  procedure  required  additional  time  for  movement  to  the  breech. 

H  ....  Ram  projectile 

The  sequence  of  verbal  commands  used  by  the  projectile  handlers  was  "seat,  home,  ready, 
ram."  Logger  No.  1  used  "H"  to  mark  the  audible  clink  at  the  end  of  the  ram  as  the  projectile 
is  seated  (reaches  its  stopping  point)  in  the  chamber.  An  advance  cue  is  provided  by  the 
cannoneers  beginning  the  ramming  motion.  The  vigor  of  the  ram  and,  therefore,  the  loudness 
of  seating  the  projectile  varied  from  round  to  round.  An  inaudible  seating  usually  caused  the 
Chief  of  Section  to  call  for  a  second  ram.  In  this  ca.se,  we  recorded  both  rams  but  use  the  second 
as  successful  completion  of  loading  the  projectile. 

The  opportunity  to  record  the  ram  event  was  recognized  only  after  the  first  week  of 
observations.  Therefore,  data  for  the  ram  event  was  recorded  only  for  Crews  2  and  3. 

J  ....  Close  breech;  prime 

As  soon  as  the  projectile  handlers  clear  the  breech  area,  the  No.  1  Cannoneer  inserts  the 
propellant  bag  and  closes  the  breech.  In  preparation,  the  powder  men  must  have  cut  the  charge 
to  the  required  level,  rewrapped  the  bag,  brought  the  bag  to  the  howitzer,  verified  the  charge  with 
the  Chief  of  Section,  and  handed  the  bag  to  the  No.  1  Cannoneer.  This  preparation  of  the  charge. 


v*t) 


•  • 


11 


especially  at  M0PP4,  occasionally  caused  delay.  Delay  was  most  likely  on  the  first  round  of  the 
fire  mission  since  the  charge  was  not  known  in  advance.  On  subsequent  rounds,  if  all  was  going 
well,  the  No.  1  Cannoneer  would  finish  swabbing  the  bore  from  the  previous  round,  turn  around, 
and  be  handed  the  next  prepared  powder  bag  immediately.  Delay  became  more  likely  as  the 
crew  dropped  below  the  full  complement  of  ten  men.  When  the  crew  was  down  to  seven,  the 
No.  1  Cannoneer  would  make  the  trip  to  the  powder  tent  himself  and  sometimes  do  the  cutting 
or  preparation  of  the  charge. 

I.x)gger  No.  1  started  the  "J"  interval  when  the  breech  was  slammed  shut.  The  motions  of 
the  No.  1  Cannoneer  were  usually  visible,  but  the  main  cue  was  the  audible  slamming  of  the 
breech.  Locking  the  breech  was  also  usually  audible  but  '"J"  was  normally  already  started.  The 
complex  motions  and  sounds  of  the  breech  closing  probably  increase  the  variance  of  recording 
this  event.  The  No.  1  Cannoneer  next  reached  for  a  primer,  inserted  the  primer,  closed  the 
primer  latch,  and  stepped  back.  The  stepping  back  movement  was  usually  accompanied  by  a 
reach  for  the  lanyard  which  was  either  draped  around  the  No.  1  Cannoneer’s  neck  or  lying 
nearby.  The  stepping  back  movement  varied  considerably  from  man  to  man.  Nevertheless,  the 
clear  establishment  of  movement  away  from  the  breech  was  used  as  the  cue  to  end  "J". 
Alternatives  were  no  better.  Difficulties  closing  the  primer  latch  necessitated  repeated  closing 
attempts,  making  latch  closure  an  unsuitable  marker.  Also,  the  ''primed"  report  from  the  No.  1 
Cannoneer  was  not  consistently  audible. 

Interpretation  of  the  "J"  interval  is  complicated  by  differences  in  the  location  of  unwrapped 
primers  relative  to  the  No.  1  Cannoneer.  Usual  procedure  is  to  take  the  primers  from  a  cardboard 
box  located  on  (he  right  trail  five  or  six  feet  from  the  breech.  During  some  tests,  however,  the 
US  Army  Human  Engineering  Laboratory  (HEL)  was  testing  the  utility  of  a  privaer  rack  located 
about  two  feet  from  the  bicech.  Another  complication  is  that  during  one  period  of  reduced  crew 
size,  an  inexperienced  No.  1  Cannoneer  did  not  have  the  primers  prepared  in  advance  and  was 
removing  the  foil  wrapper  from  each  primer  during  the  "J"  interval. 

In  summary,  we  used  the  "J"  interval  to  record  the  time  taken  to  prime  the  howitzer 
measured  from  the  closure  of  the  breech  to  the  definite  establishment  of  movement  away  from 
the  breech  by  the  No.  1  Cannoneer  after  closing  the  primer  latch.  It  does  not  include  the  time 
to  attach  the  lanyard  to  the  firing  mechanism  which  occurs  at  the  command  standby. 

I  ....  Open  breech/swab  bore 

Immediately  after  firing  the  howitzer,  the  No.  I  Cannoneer  detaches  the  lanyard,  opens  the 
breech,  and  reaches  for  the  swab  in  generally  continuous  motion.  Logger  No.  1  started  the  "I" 
interval  at  the  audible  sound  of  the  breech  being  unlatched.  There  were  no  apparent  glitches 
from  mechanical  problems  or  human  error  involved  in  this  step;  however,  the  line  of  sight  was 


frequently  obstructed  by  the  Chief  of  Section  or  a  Range  Safety  Officer.  Since  the  opening  of 
the  latch  was  not  loud,  additional  variance  is  introduced  in  the  start  of  this  interval.  The  No.  1 
Cannoneer  takes  the  water  laden  swab,  plunges  the  bore,  wipes  the  breech  block,  inspects  the 
breech  and  tube  for  foreign  material,  and  replaces  the  swab  in  the  water  bucket  just  inside  the 
left  trail  of  the  howitzer.  Logger  No.  1  stopped  the  "I"  interval  as  he  placed  the  swab  in  the 
bucket. 

When  the  crew  was  performing  near  top  speed,  the  projectile  tray  would  be  set  in  the  breech 
("L")  at  the  same  time  or  even  before  the  swab  was  placed  in  the  bucket.  Some  variance  on  the 
part  of  the  data  logger  in  both  ending  "I"  and  recording  "L"  is  undoubtedly  introduced  under 
.  these  circumstances  by  the  unpredictability  of  which  button  needs  to  be  pushed  first.  When  "L" 
is  separated  by  a  second  or  so  from  the  end  of  "I",  this  effect  should  be  negligible. 

After  the  last  round  of  a  fire  mission,  the  No.  1  Cannoneer  takes  a  little  extra  time  to  swab 
the  breech  and  visually  examine  the  bore  of  the  howitzer. 

2.4.  EVENTS  RECORDED  BY  LOGGER  N0.2:  MAINLY  GUNNER  TASKS. 

During  fire  missions,  Logger  No.  2  recorded  the  Gunner  tasks  and  the  command  "Standby" 
delivered  by  the  Chief  of  Section.  The  Gunner  tasks  from  the  observers  vantage  point  provided 
only  visual  cues  based  on  somewhat  indistinct  motions.  Familiarity  of  the  observer  with  the 
mechanics  of  the  gun  sight  was  essential.  We  frequently  had  two  ob.scrvcrs  recording  Logger 
No.  2  data.  There  is  usually  general  agreement  between  the  two  ob.scrvcrs  but  occasionally 
significant  differences.  The  variance  between  two  observers  is  indicative  of  the  indistinctness 
of  the  visual  cues  that  consist  of  relatively  minor  head  and  hand  motions. 

U  ....  Set  deflection 

On  receipt  of  the  four-digit  dellcction  for  the  fire  mission,  the  Gunner  turns  a  crank  (azimuth 
knob)  loc,ated  on  his  right  at  eye  level  on  the  panoramic  telc.scopc  to  adjust  a  mechanical  register 
(the  azimuth  counter)  to  the  deflection  setting.  Logger  No.  2  used  "U"  to  record  the  time  at 
which  the  gunner  put  his  hand  to  the  crank.  The  Gunner  had  available  an  electronic  display  of 
the  deflection  setting  for  the  mission  allowing  him  to  .set  the  deflection  before  receiving  the  oral 
numbers  from  the  Chief  of  .Section. 

Note  that  the  time  to  set  the  deflection  must  be  found  by  calculating  the  interval  from  the 
impul.se  event  "U"  to  the  beginning  of  the  "P"  interval  as  discussed  below. 

P  ....  Traverse  tube/level  bubble 

Immediately  after  selling  the  deflection  numbers  on  the  azimuth  counter,  the  Gunner  moves 
his  right  hand  to  a  crank  handle  on  a  large  wheel  located  to  his  right  side  at  about  waist  level. 


Ip"'. 

lA,:. 


Turning  this  wheel  traverses  the  gun  to  the  correct  azimuth  (deflection).  To  know  when  he  has 
reached  the  correct  deflection,  the  Gunner  must  look  into  the  gun  sight  (the  panoramic  telescope, 
a  periscope-like  device)  to  align  his  crosshairs  with  a  survey  marker.  Final  setting  of  the  traverse 
is  done  by  adjusting  the  wheel  with  the  right  hand  while  peering  into  the  gun  sight.  When  the 
gunner  is  finished  with  this  task,  he  moves  his  hand  from  the  wheel  and  pulls  his  head  away 
from  the  sight.  The  nature  of  these  moves  varies  from  one  Gunner  to  the  next. 

Logger  No.  2  started  "P"  when  the  Gunner  began  turning  the  hand  wheel  to  accomplish  the 
traverse.  Logger  No.  2  ended  "P"  when  the  Gunner  took  his  hand  off  the  wheel  and  stepped 
back  from  the  gun  sight. 

Note  that  the  beginning  of  the  "P"  interval  marks  the  end  of  the  set  deflection  event  since 
the  Gunner  traverses  the  tube  immediately  after  setting  the  deflection.  For  analysis,  the  timi  lo 
set  the  deflection  will  be  calculated  by  finding  the  difference  between  the  impulse  event  "U"  a  d 
the  initi  rion  of  the  continuous  event  "P". 

Sec  "K  ....  Check  sight  picture"  below  for  a  discussion  of  the  definition  of  end  of  the 
traverse.  The  measurement  was  treated  differently  for  Crew  1  than  for  Crews  2  and  3. 

R  ....  Standby 

Logger  No.  2  used  "R"  to  record  the  verbal  command  standby  delivered  by  the  Chief  of 
Section.  All  fire  missions  in  this  exercise  were  conducted  unaer  the  spscial  instmetion  "at  my 
command."  Under  this  procedure,  the  No.  1  Cannoneer  primes  the  howitzer  but  docs  not  attach 
the  lanyard  until  the  Chief  of  Section  determines  that  all  is  ready.  This  procedure  permits  the 
RiUige  Safety  Oflicer  to  conduct  a  safety  check  prior  to  clearing  the  howitzer  to  be  fired.  At  the 
command  standby,  the  No.  1  Cannoneer  attaches  the  lanyard  and  at  the  command  fire  from  the 
Chief  of  Section,  he  pulls  the  lanyard.  These  «*vo  commands  arc  usually  delivered  about  a 
second  apart  during  which  time  the  Chief  of  Section  glances  around  to  be  sure  that  all  personnel 
are  clear  of  'he  howitzer  recoil. 

Two  of  (he  Chiefs  of  Section  drew  out  the  standby  command  as  two  long  syllables  with 
emphasis  on  the  second.  A  systematic  variance  would  occur  between  observers  who  key  on 
different  syllables.  This  issue  was  not  recognized  or  discussed  by  the  observers  during  the 
exercise. 

K  ....  Check  sight  picture 

After  each  round  is  fired,  the  Gunner  musi  check  to  see  that  the  howitzer  is  still  on  the 
proper  deflection  angle,  that  is,  that  the  gun  sight’s  cross  hairs  arc  still  aligned.  He  steps  back 
to  the  gun  sight  and  makes  any  necessary  adjustments  in  iravei.se  to  realign  his  sight  picture  We 
started  "K"  when  the  Gunner  put  his  head  to  the  sight  and  ended  "K"  when  he  stepped  back  from 


the  sight. 

Because  of  inexperience  among  the  team  of  observers  and  ambiguity  in  instructions,  Logger 
No.  2  changed  the  procedure  for  recording  traverse  tube  and  check  sight  midday  on  Monday  of 
the  second  week.  The  ambiguity  arose  because  the  Gunner  pauses  after  executing  the  traverse, 
to  wait  for  the  Assistant  Gunner  to  complete  elevation  of  the  tube,  before  checking  the  sight  and 
making  final  adjustment  of  the  deflection  angle  if  necessary.  During  the  first  week  and  on 
Monday  morning  of  the  second  week,  Logger  No.  2  terminated  the  traverse  tube  event  at  the 
start  of  the  pause  and  switched  to  the  check  sight  event  at  the  end  of  the  pause  when  the  Gunner 
made  the  final  adjustment  of  the  deflection  angle.  Starting  on  Monday  afternoon  of  the  second 
week.  Logger  No.  2  extended  the  traverse  tube  event  to  encompass  the  pause  and  the  final 
adjustment  of  the  deflection. 

2.5.  EVENTS  RECORDED  BY  LOGGER  NO.  3:  MAINLY  ASSISTANT  GUNNER  TASKS. 

During  fire  missions.  Logger  No.  3  recorded  the  Assistant  Gunner  tasks  and  the  safety 
checks  imposed  by  range  safety  procedures.  From  our  vantage  point,  the  Assistiuit  Gunner  tasks 
provided  only  visual  cues  based  on  somewhat  indistinct  motions.  Observations  were  further 
inhibited  by  our  position  relative  to  the  Assistant  Gunner.  The  Assistant  Gunner’s  right  arm  was 
away  from  us  since  he  was  on  the  right  side  of  the  howitzer  facing  toward  the  gun  tube  while 
we  were  30  m  or  so  to  the  left  rear  of  the  breech.  Also,  the  Assistant  Gunner  checks  bubble-type 
level  indicators  to  set  the  elevation  of  the  gun  rather  than  looking  into  an  eyepiece.  It  was  not 
pi  le  to  distinguish  with  any  reliability  his  glances  to  see  if  the  bubbles  still  indicated  level 
alter  each  round  was  fired. 

Familiarity  of  the  obseivcr  with  the  mechanics  of  the  howitzer  was  again  es,scntial.  Wc 
frequently  had  two  observers  recording  Logger  No.  3  data.  There  is  usually  general  agreement 
between  the  two  observers  but  also  significant  differences.  The  variance  between  two  ob.servcrs 
is  indicative  of  the  indellniteness  of  the  visual  cues  consisting  of  relatively  minor  head  and  hand 
motions  viewed  from  a  distance. 


Q  ....  Set  quadrant  elevation  (Qli)  on  range  quadrant 

The  Assistant  Gunner  receives  a  3  or  4  digit  elevation  angle  (in  milliradians  or  "mils")  which 
he  sets  into  a  mechanical  regi.stcr  (part  of  the  range  quadrant)  by  turning  a  sinal.l  crank  at  about 
eye  level  with  his  right  hand.  When  the  correct  value  is  set,  the  Assistant  Gunner  vigorously 


tuiiis  a  iiicdiUiu-sizcd  ciaiik  wheel  to  hydiaulically  bring  the  gun  tube  to  the  j«0[5er  elevation 


angle. 


Logger  No.  3  used  "Q"  to  maik  the  time  at  which  the  Assistant  Gunner  reached  for  the  small 


crank  to  set  the  elevation  angle  into  the  mechanical  register.  To  conserve  key  strokes  for  the 


observer,  the  end  of  the  set  elevation  task  is  taken  as  the  beginning  of  the  elevate  tube  ("E") 
interval  since  there  is  no  significant  delay  between  the  two  tasks.  Thus,  for  analysis,  the  set 
elevation  task  time  is  calculated  as  the  interval  between  the  impulse  "Q"  event  and  the  beginning 
of  the  "E"  interval. 

The  Assistant  Gunner  receives  the  quadrant  elevation  angle  in  two  ways,  first  as  a  digital 
display  on  a  small,  gun  display  unit  (GDU)  to  his  left  on  the  right  trail  of  the  howitzer  and, 
second,  as  a  verbal  command  from  the  Chief  of  Section.  The  exjTericnced  crewmembers  would 
read  the  elevation  from  the  display,  enter  it,  and  frequently  elevate  the  tube  by  the  time  the  Chief 
of  Section  called  the  elevation.  In  this  case,  the  Assistant  Gunner  would  repeat  back  the  verbal 
command  followed  by  the  response  "set"  to  indicate  completion  of  the  task.  Occasionally,  an 
inexperienced  crewmember  rotated  to  the  Assistant  Gunner  position  would  wait  for  the  verbal 
command  before  setting  the  elevation  on  the  range  quadrant  and  elevating  the  tube. 

Often,  the  Assistant  Gunner  was  aided  in  his  tasks  by  the  Gunner.  Zone  and  sweep  missions 
require  frequent  changes  in  aim  point  and  high  angle  missions  require  the  tube  to  be  depressed 
after  every  round  for  loading  and  then  to  be  re-clcvated  for  firing.  For  these  missions, 
particulaily,  the  Gunner  would  use  a  duplicate  elevation  crank  wheel  on  his  side  of  the  howitzer 
to  assist  with  the  work  load  of  the  Assistant  Gunner.  Finally,  when  the  number  of  crewmembers 
had  been  reduced  by  heat  exhaustion,  the  Gunner  would  assume  all  tasks  of  the  Assistant  Gunner 
as  well  as  his  own. 

Such  variations  in  procedure  coupled  with  frequent  passage  of  other  crewmembers  through 
the  observer’s  line-of-sight  to  the  Assistant  Gunner  will  contribute  to  the  variance  of  measured 
times  for  the  set  elevation  event. 

E  ....  Elevate  tiihe/level  bubbles 

Logger  No.  3  staited  the  interval  "E"  when  the  Assistant  Gunner  (or  Gunner)  reached  for  and 
began  turning  the  crank  to  elevate  the  gun  tube.  This  time  also  marks  the  end  of  the  set 
elevation  ("Q")  event  since  the  Assistant  Gunner  would  go  directly  from  setting  the  elevation  to 
elevating  the  tube.  Logger  No.  3  ended  the  "E"  interval  when  the  Assistant  Gunner  indicated  his 
satisfaction  with  the  elevation  of  the  howitzer  tube  by  taking  his  hand  off  the  elevation  crank 
wheel  and  taking  one  step  back  from  the  howitzer.  This  interval  includes  the  time  for  the 
Assistant  Gunner  to  verify  that  the  range  quadrant  bubbles  indicate  level. 

Tile  oi'igiiial  iiiiciit  Was  to  usc  the  "E"  iiiictval  to  record  the  time  taken  for  tiie  Assistant 
Gunner  to  level  the  bubbles  on  the  range  quadrant  after  each  round  was  fired.  We  found, 
however,  that  there  were  not  sufficient  visual  cues  to  time  this  task.  Furthermore,  consultation 
with  an  Assistant  Gunner  verified  that,  as  a  rule,  no  adjustments  were  required.  His  glances  at 


tlie  bubbles  to  check  for  a  level  condition  were  not  apparent  to  us,  so  we  gave  up  timing  this 
verification  task. 

For  high  angle  missions,  the  elevation  angle  of  the  tube  must  be  lowered  after  firing  to  allow 
loading  of  the  next  projectile.  (See  "D"  below.)  Logger  No.  3  used  the  "E"  interval  to  record 
the  time  taken  to  return  the  elevation  to  the  proper  angle  for  the  next  firing.  For  the  zone  and 
sweep  missions,  the  aim  point  is  adjusted  in  a  regular  fashion  during  the  firing  of  the  25  rounds. 
Logger  No.  3  used  "E"  to  time  the  corresponding  changes  in  elevation  for  either  increases  or 
decreases  in  elevation  angle. 

The  variations  in  procedure  between  the  Assistant  Gunner  and  the  Gunner  and  the  less  than 
optimal  line-of-sight  to  the  Assistant  Gunner’s  position  will  contribute  to  the  variance  of 
measured  "E"  intervals  as  discussed  above  under  the  description  of  the  "Q"  task. 


D  ....  Depress  tube  for  loading 

For  high  angle  missions,  the  howitzer  tube  must  be  depressed  (have  its  elevation  angle 
lowered)  after  each  round  is  fired  to  allow  the  Cannoneers  to  load  and  ram  the  projectile  for  the 
next  round.  After  a  successful  ram  is  achieved,  the  tube  must  be  returned  to  the  required 
elevation. 

Logger  No.  3  started  the  "D"  interval  when  the  Assistant  Gunner  (or  the  Gunner)  began 
turning  the  crank  wheel  to  lower  the  elevation  angle.  We  ended  the  "D"  interval  when  turning 
of  the  wheel  to  lower  the  angw  cea.sed.  Note  that  in  contrast  to  the  "E"  event  which  must  bring 
the  elevation  angle  to  the  ordered  value  for  the  fire  mission,  the  "D"  event  does  not  require  a  fine- 
adjustment  of  angle  at  the  end  for  loading. 


S  ....  Safety  check 

Range  s.ifety  procedures  required  a  formal  verification  of  the  aiming  or  laying  of  the  gun  by 
safety  personnel  and  an  announcement  of  impending  live  fire  by  two  loud  whistles  before  the 
first  round  of  each  mission  could  be  fired.  We  used  the  interval  "S"  to  time  this  procedure  for 
later  removal  from  the  overall  mission  time. 

Logger  No,  3  started  the  "S''  interval  when  the  No.  1  Cannoneer  had  primed  the  howitzer 
for  the  first  round  of  each  fire  mission.  The  start  of  "S"  should  therefore  coincide  with  the  end 
of  the  J"  (close  breech;  prime)  interval  as  recorded  by  Logger  No.  1 .  At  this  point  the  Gunner 
has  already  repotted  "ready"  to  indicate  that  both  the  deflection  and  elcvacio.'i  angles  are  set 
properly.  The  Chief  of  Section,  noting  that  the  howitzer  is  primed  and  tiie  No.  i  Cannoneer  is 
at  attention,  repons  "gun  safe  an^  .eady  to  fire."  Safety  checks  are  then  made.  After  the  Range 
Safety  Officer  is  satisfied  that  the  howitzer  is  aimed  within  the  physical  limits  of  the  safety  range 
fan,  he  blows  two  whistles  and  the  Chief  of  Section  gives  the  order  standby  to  the  gun  crew. 
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We  end  the  "S"  interval  at  the  standby  command.  Therefore,  the  end  of  "S"  should  correspond 
to  the  standby  event  "R"  as  recorded  by  Logger  No.  2. 

Occasionally,  a  primer  misfire,  an  aircraft  overflight,  or  a  boat  intrusion  on  the  firing  range 
would  require  an  intervention  and  check  fire  by  the  Range  Safety  Officer.  We  used  "S"  to  hme 
these  intervals  as  well.  Logger  No.  3  started  "S"  as  soon  as  we  became  aware  of  the  problem 
(a  somewhat  variable  event)  and  ended  "S"  with  the  subsequent  standby  command. 


SECTION  3 
EVENT  DATA 


This  section  discusses  data  reduction  and  reconciliation  procedures  leading  to  processed 
data  files  that  contain  final  mea"'  ‘*.d  times  for  each  of  the  events  described  in  Section  2.  This 
section  also  describes  event  timeh..cs  constructed  for  each  fire  mission  from  these  data  files. 


3.1.  DATA  REDUCTION  AND  RECONCILIATION. 

Figure  3-1  provides  an  overview  of  the  data  processing  and  analysis  procedure 
highlighting  the  data  reconciliation  steps.  During  field  collection  of  the  data,  events  to  be 
recorded  were  divided  among  three  primary  human  observers  or  data  loggers  (McClellan,  1992). 
On  certain  exercise  days,  fourth  and  sometimes  fifth  data  loggers  provided  backup  measurements 
for  one  or  two  of  the  three  primary  loggers.  Events  recorded  by  each  of  the  data  loggers  are 
described  in  Section  2.  Data  reduction  begins  with  a  time  correction  to  the  field-collected  data 
from  each  of  the  data  loggers.  The  time  corrections  are  made  according  to  computer  clock 
calibrations  described  in  Volume  1  of  this  report.  Briefly,  a  linear  correction  formula  derived 
from  recorded  howitzer  firing  times  is  used  to  synchronize  each  computer  clock  to  the  computer 
used  by  Logger  No.  1. 

The  time-corrected  data  files  are  used  to  generate  preliminary  event  listings  and  to 
construct  preliminary  graphical  representations  of  the  data  in  the  foim  of  timelines  for  each  fire 
mission.  Where  there  is  a  backup  data  logger,  the  preliminary  listings  and  timelines  include  the 
redundant  measurements  for  comparison. 

The  preliminary  listings  and  timelines  were  examined  manually  to  reconcile  redundant 
measurements,  eliminate  errors  when  possible,  and  select  a  final  measured  time  for  each  event. 
The  reconciliation  process  is  discussed  further  in  Volume  i.  Final,  reconciled  event  data  files 
for  each  primary  logger  are  the  result  of  this  process. 


3.2,  EVENT  TIMELINES  FOR  FIRE  MISSIONS. 

As  indicated  in  Figure  3- 1 ,  reconciled  event  data  for  the  three  pri.mary  loggers  is  merged 
into  two  event  data  files  for  each  day  of  the  exercise,  one  file  for  fire  missions  before  resupply 
and  one  for  fire  missions  after  resupply.  The  time  origin  for  the  data  files  is  the  "move  to  firing 
point"  order  (see  McClellan,  1992).  Final  event  timelines  for  each  fire  mission  are  constructed 
from  these  merged  event  files.  Figure  3-2  shows  an  exan'iple  of  such  a  timeline  for  Fire  Mission 
9  of  Crew  3  in  MOPP4-R.  the  last  fire  mission  of  the  exercise.  Impulse  events  arc  marked  by 
filled  triangles  and  continuous  events  are  marked  with  horizontal  lines.  Event  times  correspond 
to  the  lower  tips  of  the  triangles  and  to  the  vertical  hash  marks  at  cither  end  of  the  lines. 


Figure  3-1.  Overview  of  data  processing  and  analysis  procedure  with  data  reconciliation  steps  shaded. 


Appendix  A  presents  a  timeline  lor  each  fire  mission  analyzed  in  this  report,  that  is.  all 
fire  missions  except  the  high  angle  and  zone  and  sweep  types.  The  visual  presentation  provided 
hy  the  timelines  is  quite  useful  for  a  quick  impression  of  the  flow  of  events  and  provides  a 
convenient  reference  for  examining  anomalies  encountered  in  the  analysis  of  task  times  derived 
from  the  data.  Anomalies  such  as  the  double  ram  in  Figure  3-2  can  frequently  be  correlated  with 
comments  recorded  by  the  data  loggers  during  the  exercise.  These  comments  are  included  fire 
mission-by-fire  mission  in  Appendix  B.  In  addition,  the  timeline  plots  are  accurate  and  provide 
a  quantitative  representation  of  the  event  data. 
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Figure  3-2.  The  timeline  for  me-sured  events  from  Fire  Mission  9  of  Crew  3  in  MOPP4-R. 

See  Appendix  A  for  an  explanation  of  event  abbreviations  and  the  origin  of  the 
time  coordinate. 
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SECTION  4 

DEnNITION  AND  ANALYSIS  OF  TASK  TIMES 


Times  recorded  in  the  field  correspond  to  events  that  are  readily  discernible  by  the  observers. 
These  event  times  are  used  in  subsequent  analysis  to  calculate  the  task  times  of  interest  for 
crewmember  performance.  This  section  presents  task  definitions  in  terms  of  the  events  recorded 
during  the  Ml 98  howitzer  fire  missions.  Then,  task  times  are  analyzed  and  compared  across 
crews  for  each  crew  posture  following  the  analytical  procedures  developed  in  Volume  1.  Finally, 
baseline  task  times  for  calculating  performance  in  MOPP4  are  derived  from  the  BDU  data. 

4.1.  M198  TASK  DEFINITIONS. 

The  following  paragraphs  describe  each  M198  howitzer  crew  task  defined  from  the  recorded 
events  presented  in  Section  2.  The  recorded  events  are  of  two  types,  impulsive  and  continuous. 
The  continuous  events  correspond  to  tasks  or  groups  of  tasks  of  direct  interest  for  describing 
Ml 98  fire  missions.  On  the  other  hand,  the  impulsive  events  of  Section  2  provide  only  the 
beginning  or  end  of  a  task.  For  impulsive  events,  the  task  time  to  be  calculated  is  the  interval 
between  the  impulsive  event  and  some  other  recorded  time.  The  other  time  may  be  a  second 
impulsive  event  or  the  start  or  end  time  of  a  continuous  event.  Table  4-1  summarizes  how  each 
task  time  is  calculated  from  the  recorded  event  times.  Here,  and  elsewhere  in  this  report,  event 
names  arc  in  italics  and  task  names  are  bolded. 

Relay  Orders 

The  relay  orders  task  time  is  the  duration  of  the  receive/call  out  fire  mission  continuous 
event  as  described  in  Section  2.3.  The  beginning  of  this  task  is  the  beginning  of  the  fire  mission; 
a  sequential  network  analysis  based  on  our  measurements  may  be  referenced  to  this  time  point. 

Begin  Set  Deflection 

The  begin  set  deflection  task  time  is  the  time  taken  for  the  Gunner  to  respond  to  the  fire 
mission  orders  and  begin  to  set  the  deflection  angle.  It  is  calculated  as  the  time  interval  from 
the  start  of  the  receive/call  out  fire  mission  continuous  event  to  the  set  deflection  on  sight 
impulsive  event.  The  begin  set  deflection  task  time  can  be  negative,  since  the  Gunner  may 
obtain  the  deflection  from  his  gun  display  unit  (GDU)  before  the  Chief  of  -Section  begins  calling 
out  the  orders.  The  time  will  be  in  the  10  or  20  second  range  if  the  Gunner  waits  to  receive  the 
deflection  angle  orally. 
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Table  4-1.  Dcfiaition  of  tasks  (in  bold)  for  Ml 98  howitzer  fire  missions  in  temis“  of 
field-recorded  events  (in  italics). 

Relay  Orders  =  Duration[/fecfiVc/ca//  out  fire  mission] 

Begin  Set  Deflection  =  Timelier  deflection  on  sight]  -  Start(/fcccive/<ra//  out  fire  mission] 

Set  Deflection  =  StaH[Traverse  tube/level  bubble]  -  Time[Set  deflection] 

Traverse  Tube  =  DurationlTraverre  tubeAevel  bubble] 

Begin  Set  Elevation  =  Time[Ser  QE  on  range  quadrant]  -  Stan[Receive/call  out  fire  mission] 

Set  Elevation  =  StartfE/^vare  tuhe/level  bubbles]  -  Time[5e/  QE  on  range  quadrant] 

Elevate  Tube  =  Duration[£'/ci'afe  tuhe/level  bubbles] 

Begin  First  Load  =  TimtlLoad  start  (set  tray);  1st  round'’J  -  Start[/feccive/ca//  out  fire  mission] 

Load  Projectile  =  Time[/?aOT  projectile]  -  Tiine(Loa4  start  (set  tray)] 

Load  First  Powder  =  Start[C/cw'e  breech/prime;  1st  round]  -  Timc[/fflm  projectile;  1st  round] 
Load  First  Projectile 

and  Powder'  =  Start[ClciJe  breech/prime;  Lst  round]  -  Timc[Loa4  start  (set  tray);  1st  round] 

Lock  Breech  and  Prime  =  Duration[C/£Jse  breech/primc] 

Fire  =  TimelFw]  -  Time[SM«dby] 

Open  Breech  =  Start[0/)en  hreech/swab  bore]  -  Timcl/^ire];  except  last  round  of  fire  mission. 

Swab  Chamber  =  Duration[0;»en  hreech/swab  bore];  except  las!  round  of  fire  mission. 

Check  Sight  =  (X  Duration[C/iec/t  sight  picture;  all  rounds] )/(#  of  rounds  -  1) 

Bepin  Reload  =  Time[Load  start  (set  tray);  repeat  rounds'*]  -  EndfOpen  breech/swah  bore] 

Reload  Powder  =  Start[C(oie  breech/prime;  repeat  rounds]  -  Timc[/faOT  projectile;  repeat 

rounds] 

Reload  Projectile 

and  Powder'  s  Start[C(oie  breech/prime;  repeat  rounds]  -  Tinie[Lcad  start  (set  tray);  repeat 

rounds] 

Last  Open  Breech  =  Start(Open  breech/swab  bore]  -  TimelFire];  last  round  of  fire  mission  only. 

Swab  and  Inspect  =  Duration[Open  hreech/.swab  bore];  last  round  of  fire  mission  only. 

‘The  square  bracket  notations  in  the  tabic  have  the  following  meanings: 

Time[i?v<?nt]  =  recorded  time  of  an  impulse  event. 

Start|cv«?«r]  -  starting  time  of  recorded  interval  for  a  continuous  event. 

Endfeven/]  =  ending  time  of  recorded  interval  for  a  continuous  event. 

Duration[(?vi?nf]  =  duration  of  recorded  interval  for  a  continuous  event. 

*’lst  round  =  first  round  of  a  fire  mission. 

'This  task  is  a  combination  of  the  two  prcceedirig  tasks.  See  text  for  discussion. 

''repeat  rounds  =  second  and  .succeeding  rounds  of  a  fire  mission. 


Set  Deflection 

The  set  deflection  task  time  is  the  time  taken  by  the  Gunner  to  enter  the  deflection  angle  on 
the  gun  sight  as  described  in  Section  2.4.  It  is  the  time  interval  between  the  set  deflection 
impulsive  event  and  the  start  of  the  traverse  tube/level  bubble  continuous  event. 

Traverse  Tube 

The  traverse  tube  task  time  is  the  duration  of  the  traverse  tube/level  bubble  continuous  event 
as  described  in  Section  2.4.  For  the  Crew  1  data,  traverse  tube  includes  just  the  time  to  turn 
the  hand  wheel  in  the  accomplishment  of  the  gross  motion  of  the  howitzer  tube  through  the 
required  deflection  angle.  For  Crews  2  and  3,  traverse  tube  also  includes  the  final  check  of  the 
deflection  angle  and  any  intermediate  pause  for  the  completion  of  the  tube  elevation. 

Begin  Set  Elevation 

The  begin  set  elevation  task  time  is  the  time  taken  for  the  Assistant  Gunner  to  respond  to 
the  fire  mission  orders  and  begin  to  set  the  quadrant  elevation  angle.  It  is  calculated  as  the  time 
interval  from  the  start  of  the  receive/call  out  fire  mission  continuous  event  to  the  time  of  the  set 
QE  on  range  quadrant  impulsive  event  as  described  in  Section  2.5.  The  begin  set  deflection 
task  time  can  be  negative,  since  the  Assistant  Gunner  may  read  the  elevation  angle  from  his  GDU 
before  the  Chief  of  Section  begins  calling  out  the  orders.  It  will  be  in  the  10  or  20  second  range 
if  the  Assistant  Gunner  waits  to  receive  the  elevation  angle  verbally. 

Set  Elevation 

The  set  elevation  task  time  is  the  time  taken  by  the  Assistant  Gunner  to  enter  the  elevation 
angle  on  the  range  quadrant  as  described  in  lection  25.  It  is  the  time  intciwal  between  the  set 
QE  on  range  quadrant  impulsive  event  aiid  the  start  of  the  elevate  tube/level  bubbles  continuous 
event. 

Elevate  Tube 

The  elevate  tube  task  time  is  tlie  duration  of  the  elevate  tube/level  bubbles  continuous  event 
as  described  in  Section  2.5. 

Begin  First  Load 

The  bepin  first  load  task  time  is  the  time  taken  by  the  projectile  handlers  to  prepare  the  first 
projectile  in  response  to  the  fire  mission  orders  and  bring  it  to  the  howitzer  as  described  in 
Section  2.3  It  is  calculated  as  the  time  inten/al  from  the  start  of  the  receive/call  out  fire  mission 


continuous  event  to  the  time  of  the  load  start  (seat  tray)  impulsive  event  for  the  1st  round  of  the 
fire  mission. 

Load  Projectile 

The  load  projectile  task  time  is  the  time  taken  by  the  projectile  handlers  to  ram  the  projectile 
into  the  chamber  after  seating  the  projectile  tray  in  the  breech  of  the  howitzer  as  described  in 
Section  2,3.  It  is  calculated  as  the  interval  from  the  time  of  the  load  start  (seat  tray)  impulsive 
event  to  the  time  of  the  ram  projectile  impulsive  event.  There  is  no  distinction  for  this  task 
between  the  first  round  of  a  fire  mission  and  subsequent  rounds. 

Load  First  Powder 

The  load  first  powder  task  time  is  the  time  taken  by  the  No,  1  Cannoneer  after  the  first 
projectile  of  the  fire  mission  has  been  loaded  to  place  the  powder  (propellant)  bag  into  the 
chamber  and  close  the  breech  as  described  in  Section  2.3.  The  time  is  calculated  as  the  interval 
from  the  time  of  the  ram  projectile  impulsive  event  to  the  start  of  the  close  breech/prime 
continuous  event.  This  task  time  encompasses  the  in.sertion  of  the  powder  into  the  breech  as  well 
as  any  prior  wait  time  if  the  powder  bag  has  not  reached  the  No.  1  Cannoneer  by  the  time  the 
projectile  has  been  loaded.  This  wait  time  is  likely  to  be  more  significant  on  the  first  round  of 
a  fire  mission  than  on  subsequent  rounds  because  the  size  of  the  charge  must  be  gotten  from  the 
mission  orders  for  the  first  round,  whereas  the  same  charge  is  used  on  subsequent  rounds. 

Load  First  Projectile  and  Powder 

The  load  first  projectile  and  powder  task  time  is  the  sum  of  the  load  first  projectile  and 
load  first  powder  task  times.  It  is  calculated  as  the  interval  from  the  time  of  the  load  start  (seat 
tray)  impulsive  event  for  the  first  round  of  the  fire  mission  to  the  start  of  the  close  breech/prime 
continuous  event  for  the  same  round.  This  combined  task  is  included  for  two  reasons.  First,  the 
ram  projectile  impulsive  event  was  not  recorded  for  Crew  1,  so  there  is  no  way  to  separate  the 
tasks  for  the  Crew  1  data.  Second,  the  questionnaire  assessment  of  performance  degradation 
given  to  the  crew  members  during  the  exercise  included  only  the  lumped  task  lime. 

Lock  Breech  and  Prime 

The  lock  breech  anJ  prime  task  time  is  the  duration  of  the  close  breech/prime  task  as 
described  in  Section  2.3. 


Fire 


The  fire  task  time  is  the  time  taken  by  the  No.  1  Cannoneer  to  attach  the  lany.ird  in  response 
the  command  "standby"  from  the  Chief  of  Section  and  then  fire  the  howitzer  in  response  to  the 
"fire"  command  from  the  Chief  of  Section.  It  includes  time  taken  by  the  Chief  of  Section  to 
verify  that  all  personnel  are  clear  of  the  recoil.  It  is  calculated  as  the  interval  between  the  time 
of  the  standby  impulsive  event  and  the  time  of  the  fire  impulsive  event. 

Open  Breech 

The  open  breech  task  time  is  the  time  taken  by  the  No.  1  Cannoneer  after  he  has  fired  the 
he  'itzer  to  detach  the  lanyard  from  the  firing  mechanism  and  unlatch  the  breech  block.  It  is 
calculated  as  the  interval  from  the  time  of  the  fire  impulsive  event  to  the  start  of  the  open 
breech/swab  bore  continuous  event.  Frequently,  this  task  time  is  longest  after  the  last  round  of 
the  fire  mission,  presumably  because  the  Loader  relaxes  somewhat  after  the  last  round  is  fired. 
Therefore,  in  this  analysis,  open  breech  refers  the  task  for  all  rounds  except  the  last  of  a  fire 
mission. 

Swab  Chamber 

The  swab  chamber  task  time  is  the  time  taken  by  the  No.  1  Cannoneer  to  retrieve  the  swab 
from  its  water  bucket,  plunge  the  bore,  wipe  the  breech  block,  and  return  the  swab  to  the  water 
bucket  after  each  round  of  a  fire  mission  except  the  last.  It  is  calculated  as  the  duration  of  the 
open  breech/swab  bore  continuous  event  as  described  in  Section  2.3.  After  the  final  round  of  a 
fire  mission,  the  No.  1  Cannoneer  performs  the  same  task  with  a  little  more  care  and  also 
visually  inspects  the  bore;  this  task  after  the  last  round  is  analyzed  separately. 

Check  Sight 

The  check  sight  task  time  is  the  time  taken  by  the  Gunner  to  verify  that  the  howitzer  tube 
IS  at  the  correct  deflection  angle  (sight  picture)  after  each  round  is  fired  (except  the  last,  of 
course).  For  each  round  it  is  the  duration  of  the  check  sight  picture  continuous  event  as 
described  in  Section  2.4.  As  far  as  the  observers  were  concerned,  this  task  was  the  least  well 
defmeo,  offering  the  poorest  cues  for  reliable  measurement.  As  a  result,  two  observers  usually 
varied  substantially  in  their  recording  of  this  task.  As  a  consequence,  we  are  analyzing  only  the 
mean  task  time  per  round  for  each  fire  mission.  Even  this  mean  has  substantial  variance  across 
fire  missions  and  should  not  be  used  for  any  critical  purpose.  Fortunately,  check  sight  was  never 
observed  to  be  a  critical  event  in  the  sense  that  any  other  task  was  delayed  because  of  it.  As 
analyzed  here,  it  is  estimated  as  the  sum  of  the  durations  of  atl  check  sight  picture  continuous 
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events  during  a  fire  mission  divided  by  the  number  of  rounds  in  the  fire  mission  less  one  (the 
last). 

Begin  Reload 

The  begin  reload  task  time  is  the  time  taken  by  the  projectile  handlers  to  seat  the  projectile 
tray  in  the  breech  in  preparation  for  loading  the  next  round  after  a  round  is  fired  and  the  chamber 
is  swabbed  as  described  Section  2.3  It  is  calculated  as  the  time  interval  from  the  end  of  the  open 
breech/swab  bore  continuous  event  to  the  time  of  the  load  start  (seat  ^ray)  impulsive  event  on 
second  and  successive  rounds  of  the  fire  mission.  This  time  is  usually  much  shorter  than  the 
begin  first  load  task  time. 

Reload  Powder 

The  reload  powder  task  time  is  the  time  taken  by  the  No.  1  Cannoneer  after  a  round  has 
been  fired  and  the  next  projectile  of  the  fire  mission  has  been  loaded  to  place  the  powder 
(propellant)  bag  into  the  chamber  and  close  the  breech  as  described  in  Section  2.3.  The  time  is 
calculated  as  the  interval  from  the  time  of  the  ram  projectile  impulsive  event  to  the  start  of  the 
close  breech/prime  continuous  event.  This  task  time  encompasses  the  insertion  of  the  powder 
into  the  chamber  as  well  as  ■'ny  prior  wait  time  if  the  powder  bag  has  not  reached  the  No.  1 
Cannoneer  by  the  time  the  projectile  has  been  loaded. 

Reload  Projectile  and  Powder 

The  reload  projectile  and  jiowder  task  time  is  the  sum  of  the  reload  projectile  and  reload 
powder  task  times.  It  is  calculated  as  the  interval  from  the  time  of  the  load  start  (seat  tray) 
impulsive  event  after  a  round  has  been  fired  to  the  stait  of  the  close  breech/prime  continuous 
event  for  the  next  round.  This  combined  task  is  included  for  two  rc  isons.  First,  the  ram 
projectile  impulsive  event  was  not  recorded  for  Crew  1,  so  there  is  no  way  to  separate  the  tasks 
for  the  Crew  1  data.  Second,  the  questionnaire  assessment  ol'  performance  degradation  given  to 
the  crew  members  during  the  exerci.se  included  only  the  lumped  task  time. 

Last  Open  Breech 

The  last  open  breech  task  time  is  the  time  taken  by  the  No.  1  Cannoneer  after  he  has  fired 
the  last  round  of  a  fire  mission  to  detach  the  lanyard  from  the  firing  mechanism  and  unlatch  the 
breech  block,  it  is  calculated  as  the  interval  from  the  time  of  ihc  fire  impulsive  event  to  the  start 
of  the  open  breech/swab  bore  continuous  event.  F’requcntly,  the  task  time  is  longest  after  the  last 
round  of  the  fire  mission,  presumably  because  the  Loader  is  no  longer  under  pressure  to  make 
way  for  the  next  projectile.  Therefore,  the  task  time  after  the  final  round  is  analyzed  by  itself. 
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Swab  and  Inspect 

The  swab  and  inspect  task  time  is  the  time  taken  by  the  No.  1  Cannoneer  after  the  last 
round  of  a  fire  mission  to  retrieve  the  swab  from  its  water  bucket,  plunge  the  bore,  wipe  the 
breech  block,  visually  inspect  the  bore,  and  return  the  swab  to  the  water  bucket.  It  is  calculated 
as  the  duration  of  the  open  breech/swab  bore  continuous  event  after  the  last  roui  d  as  described 
in  Section  2.3.  This  task  time  is  generally  longer  than  the  swab  chamber  task  time  because  of 
the  added  visual  inspection  of  the  bore  and  because  the  pressure  of  executing  the  fire  mission  has 
ended. 

4.2.  TASK  TIMES. 

Task  completion  times  for  the  above  defined  tasks  are  calculated  from  the  reconciled  event 
data  described  in  Section  3.  As  illustrated  in  Figure  3-1,  task  time  data  files  are  used  for 
regression  analysis  of  task  time  variations  and  for  calculation  of  performance  versus  time  in 
MOPP4.  This  subsection  describes  the  analysis  of  the  task  times. 

4.2.1.  Regression  Analysis  of  Task  Times. 

Task  time  data  is  presented  fully  in  Appendix  C.  For  each  task  and  each  crew  posture. 
Appendix  C  provides  two  figures  and  two  tables  summarizing  regression  analysis  of  the 
corresponding  task  time  data.  These  figures  and  tables  follow  analytical  procedures  and  formats 
similar  to  those  developed  in  Volume  1  for  the  analysis  of  time  to  first  round  and  time  between 
rounds.  Figure  C-1  shows  measured  task  completion  times  for  relay  ordirs  plotted  verse- 
scenario  time  (see  Appendix  A)  for  each  crew  in  BDU.  Figure  C-2  shows  the  aggregated  data 
from  Figure  C-1  plotted  versus  fire  mission  number,  the  repetition  number  for  thi.s  task. 

Each  plot  in  Figures  C-1  and  C-2  includes  ;«  regression  line  with  a  68%  confidence  band. 
Table  C-1  presents  a  statistical  surninai7  for  tliese  regression  lines.  The  task  time  data  for  relay 
orders  and  most  other  tasks  have  been  transformed  with  the  logm  function  to  improve  the 
normality  of  the  distributions  for  regression  analysis.  The  rational  for  tills  transformation  is 
pre.sentcd  in  Volume  1.  Figure  4-1  presents  added  evidence  that  the  logarithmic  translonmation 
improves  the  noniiality  of  the  task  time  data. 

Figure  4-1  compares  chi-squared  tests  of  the  normality  of  the  aggregate  reload  powder  task 
completion  times  for  Crews  2  and  3  with  crewmembers  in  BDU.  This  task  is  chosen  because 
there  is  reasonable  consistency  between  the  two  crews  and  little  change  in  task  time  over  the 
scenarios.  The  chi-squared  test  shows  that  there  is  only  a  1.7%  chance  of  obtaining  the  observed 
asymmetry  of  the  distribution  of  the  untransforracd  task  time  data  in  such  a  trial  if  the 
untransforraed  data  were  normally  distributed.  On  the  other  hand,  there  is  9.8%  chance  of 
obtaining  the  observed  disiribution  if  the  log  transformed  data  were  normally  distributed.  For 
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Figure  4-1, 


Normality  of  Task  Time  Distribu  ons 

Reload  Powder,  Crews  2  and  3:  BDU 
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the  chi-squared  tests,  data  outside  the  indicated  limits  on  the  tails  of  the  distribution  have  been 
lumped  into  single  bins.  The  comparison  in  Figure  4-lc  shows  that  the  log  normal  curve  (solid 
line)  better  describes  the  tails  of  measured  distribution. 

Plots  in  Appendix  C  for  the  transformed  task  times  are  semilogariti.mic,  as  in  Figures  C-1 
and  C-2,  so  that  regression  results  appear  as  straight  lines.Only  three  tasks  have  not  had  their 
times  transformed:  begin  set  deflection,  begin  set  elevation,  and  begin  reload.  These  "task 
times"  measure  the  start  of  a  task  relative  to  another  event  time.  They  are  actually  delays  or 
relative  times  rather  than  task  completion  times.  For  reasons  discussed  in  the  task  definitions 
above,  these  quantities  may  be  negative,  rendering  the  log  transformation  impossible.  For  these 
three  tasks,  the  data  is  analyzed  without  transfomiation  and  both  axes  of  the  corresponding  plots 
in  Appendix  C  are  linear.  Although  not  proper  task  times,  the  data  are  included  for  completeness 
since  the  "tasks"  are  under  the  control  of  crewmembers  and  arc  needed  for  a  sequential  network 
analysis  of  the  crew  operation. 

Table  C-1  includes  the  constant  and  slope  with  standard  errors  for  each  regression  line  in 
Figure.s  C- 1  and  C-2.  Since  task  times  arc  measured  in  seconds  and  the  relay  orders  data  are 
transformed  before  regression  analysis,  the  constant  and  its  standard  error  are  in  units  of 
log(seconds).  The  slope  and  its  standard  error  are  in  log(seconds)  per  hour  for  Figure  C-1  and 
in  log(second;i)  per  fire  mission  for  Figure  C-2.  Other  quantities  in  Table  C-1  have  appropriate 
corresponding  units. 

The  figures  and  tables  in  Appendix  C  for  the  tasks  with  crewmembers  in  BDU  have  the  same 
format  and  units  as  those  for  relay  orders  if  their  task  times  have  been  log  transformed.  For  the 
three  tasks  for  which  times  are  not  transformed,  the  constant  and  its  standard  ciror  are  in  units 
of  .seconds;  the  slope  and  its  standard  error  are  in  units  of  seconds  per  hour  foi  the  individual 
crew  plots  and  seconds  per  fire  mission  for  aggregate  plots. 

The  figures  and  tables  for  task  data  with  crewmembers  in  MOPP4  (both  -S  and  -R)  differ 
from  the  BDU  data  in  one  respect.  For  the  MOPP4  data,  the  independent  variable  for  the 
regression  analysis  and  the  ab.sci.s.sa  for  all  plots  is  time  in  MOPP4.  Thus,  slojjes  are  either  in 
logfseconds)  per  hour  or  seconds  per  hour  depending  on  whether  the  task  time  data  is 
transfonned  or  not.  Scenario  time  and  time  in  MOPP4  differ  by  only  a  few  minutes  as  discussed 
in  Appendix  A. 

4.2.2.  Analysis  of  Variance  and  Aggregation  of  Crew  Data. 

Table  C-2  preseni.s  an  analysis  of  variance  (ANOVA)  for  the  relay  orders  data  from  the 
three  crews.  The  final  entry  in  the  table,  the  "Prob.  Value  of  F",  is  a  statistical  mea.surc  of  the 
probability  that  the  observed  differences  of  task  time  distributions  from  crew  to  crew  would  occur 
randomly  if  the  crews  had  identical  performance  characteristics.  If  "Prob.  Value  of  F"  is  greater 


than  or  equal  to  .05,  then  the  observed  differences  are  judged  insignificant.  It  is  then  statistically 
valid  to  aggregate  the  data  from  all  crews  and  assert  that  aggregate  results  are  characteristic  of 
the  crev;^s. 

If  "Prob.  Value  of  F"  is  less  than  .05,  then  the  performance  of  the  crews  cannot  be 
considered  equivalent.  Table  C-2  shows  that  "Prob.  Value  of  F"  is  less  than  10'^  for  relay  orders 
in  BDU.  Indeed,  inspection  of  Figure  C-1  shows  clear  differences  among  the  crews  with  Crews 
1,  2,  and  3  having  successively  lower  task  times.  Appendix  C  presents  aggregate  plots  and 
regression  analyses  even  when  "Prob.  value  of  F"  <,05  since  it  is  sometimes  useful  to  have  a 
single  performance  representation  even  if  crews  are  not  equivalent. 

Aggregate  data  in  Apjjendix  C  for  crews  in  BDU  is  pre.sented  and  analyzed  as  task  time 
versus  repetition  number  rather  than  task  time  versus  scenario  time.  This  choice  follows  the 
observation  in  Volume  1  that  overall  crew  performance  in  BDU  as  measured  by  time  to  first 
round  and  time  between  rounds  shows  a  tendency  to  improve  somewhat  during  each  day’s 
scenario.  This  impiovement  is  attributed  to  a  practice  or  warmup  effect  and  is  presumably 
related  to  the  number  of  repetitions  of  the  task  rather  than  to  time  elapsed  during  the  mission 
scenario.  Aggregate  plots  as  well  as  individual  crev^  plots  for  data  with  crewmembers  in  MOPP4 
are  presented  and  analyzed  versus  time  in  MOPP4  since  performance  degradation  due  to  heat 
stress  is  expected  to  be  more  important  than  practice  or  warmup  effects. 

The  straightforward  ANOVA  test  for  equivalency  of  crews  docs  not  consider  the  variation 
of  crew  perfoimancc  over  time  or  repetition  number.  When  there  are  changes  over  time,  the 
distributions  will  be  broadened  and  the  ANOVA  will  tend  to  underestimate  crew  differences. 


4.2.3  Outliers. 

The  distribution  of  times  measured  for  a  given  task  will  inevitably  contain  outliers,  that  is, 
points  that  deviate  an  unreasonable  amount  from  the  mean  of  the  distribution.  If  the  task  times 
(or  their  logarithms)  are  normally  distributed,  then  the  significance  of  a  deviation  can  be  judged 
quantitatively  with  a  statistical  test.  Outliers  are  identified  by  setting  a  probability  threshold 
below  wh^ch  values  are  unlikely  to  belong  to  a  normal  distribution  of  measured  times  for  the 
given  sample.  Alternatively,  observations  regarding  extraneous  factors  affecting  the  data  may 
be  used  to  designate  outliers. 

The  analysis  in  tliis  volume  includes  a  careful  treatment  of  outliers.  Measurements  for  each 
task  have  been  examined  and  correlated  with  field  comments  (Appendix  B)  recorded  by  the  data 
loggers.  A.ppendix  D  contains  a  detailed  discussion  of  the  rational  for  the  designation  of  outliers 
for  each  task  time. 

Outliers  may  result  from  either  observer  error  or  crew  error.  Whenever  pos"^  ’e,  observer 
errors  have  been  eliminated  from  the  data  with  redundancy  and  consistency  check:,.  However, 
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since  not  all  data  had  redundant  measurements,  there  are  likely  to  be  undetected  observer  errors 
present  in  the  reconciled  data.  Further  elimination  of  such  errors  could  be  accomplished  by 
analysis  of  the  videotape  record  of  the  exercise.  This  procedure,  essentially  requiring  a  complete 
remeasurement  of  all  event  times,  would  be  labor  intensive  and  has  not  been  done.  Present 
analysis  is  based  on  tlte  assumption  that  observer  enors  do  not  make  a  dominant  contribution  to 
the  variance  of  task  times.  Special  cases  in  which  likely  observer  errors  can  be  eliminated  by 
defining  outliers  are  noted  in  Appendix  D. 

An  outlier  from  crew  error  may  result  from  a  procedural  change  or  an  outright  blunder  by 
one  or  more  crewmembers.  Outliers  of  this  type  arc  infrequent  when  the  crew  is  well  trained 
and  using  well  designed  equipment.  Such  outliers  arc  an  important  part  of  crew  performance 
analysis  if  they  adversely  impact  crew  survival;  however,  they  are  not  of  primary  importance 
when  general  performance  degradation  from  a  battlefield  stressor  is  the  central  issue,  as  it  is  in 
the  present  study  of  artillery  crew  performance. 

Field  notes  taken  by  observers  during  the  exercise  are  an  important  source  of  information  to 
identify  outliers  caused  by  crew  errors.  For  example,  on  a  few  rounds  (out  of  581),  the  ram  was 
not  sufficiently  vigorous  to  properly  seat  the  projectile  in  the  chamber  of  the  howitzer.  On  these 
occasions,  the  ram  was  repeated  at  the  command  of  the  Chief  of  Section.  On  one  occasion  with 
the  crew  in  MOPP4,  no  one  noticed  an  ineffective  ram  and  the  projectile  subsequently  fell  out 
of  the  breech  onto  the  ground  as  the  projectile  handlers  started  to  moved  away.  Such  errors  are 
always  corrected  by  the  crew  and  were  usually  noted  in  writing  by  the  observers.  When  the 
correction  process  requires  substantial  time,  the  resulting  task  time  outlier  can  be  correlated  with 
the  written  comments  by  the  observers. 

Appendix  B  presents  a  transcription  of  notes  taken  by  the  observers  who  logged  task  time 
data  during  the  exercise.  Although  these  notes  are  certainly  not  exhaustive,  they  frequently 
explain  obvious  outliers. 

Finally,  consideration  must  be  given  to  maintaining  consistency  in  the  task  time  being 
measured.  In  certain  instances,  procedural  changes  caused  significant  variation  in  task  time.  The 
dominant  cause  is  the  loss  of  crewmembers  during  the  MOPP4  exercises  and  the  subsequent 
adjustment  of  task  load  among  crewmembers.  Whenever  possible,  outlier  limits  arc  chosen  to 
maintain  consistency  in  the  task  time  being  measured  for  an  individual  crewmember.  In  this 
way,  calculated  performance  degradation  is  relevant  to  individual  tasks  and  does  not  reflect  the 
higher  order  effects  of  crew  interactions  under  stress.  This  latter  issue  is  important  but  not 
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Table  4-2  lists  upper  and  lower  limits  that  arc  used  to  define  task  time  outliers  for  each  crew 
and  each  posture.  Outliers  designated  by  these  criteria  ar  :  plotted  with  separate  symbols  (solid 
circles)  in  the  task  time  figures  for  individual  crews  in  Appendix  C  and  are  not  used  in  regressicn 
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Table  4-2,  Upper  and  lower  limits  defining  outliers  for  the  task  time  measurements. 


Task  Outlier  limits  in  seconds 

BDU  MOPP4-S  MOPP4-R 


Lower 

Upper 

Lower 

Upper 

Lower 

Upper 

Relay  orders 

17.0 

100.0 

25.0 

100.0 

17.0 

100.0 

Begin  set  deflection 

-100.0 

13.0 

-100.0 

15.0 

-100.0 

13.0 

Set  deflection 

2.5 

17.5 

2.5 

17.5 

2.5 

17.5 

Traverse  tube* 

10.0 

30.0 

10.0 

38.0 

13.0 

38.0 

Begin  set  elevation 

-5.0 

10.0 

-5.0 

15.0 

-5.0 

15.0 

Set  elevation 

2.5 

17.5 

2.5 

17.5 

3.5 

17.5 

Elevate  tube 

-100,0 

35.0 

13.0 

35.0 

13.0 

35.0 

Begin  first  load 

19.0 

90.0 

19.0 

90.0 

19.0 

90.0 

Load  projectile 

1.0 

9.0 

1.0 

9.0 

2.4 

9.0 

Load  first  powder 

-100.0 

20.0 

5.0 

35.0 

-100.0 

35.0 

Load  first  projo  and  pwdr 

-100.0 

20.0 

-100.0 

30.0 

-100.0 

30.0 

Lock  breech  and  prime 

2.0 

10.0 

2.0 

10.0 

2.0 

15.0 

Fire 

1.0 

5.3 

1.0 

8.0 

1.0 

8.0 

Open  breech 

1.0 

3.5 

1.0 

5.0 

1.0 

5.0 

Swab  chamber 

3.5 

9.0 

4.0 

15.0 

4.0 

15.0 

Check  sight 

2,0 

100.0 

3.0 

100.0 

2.0 

iOO.O 

Begin  reload 

-2.0 

20.0 

-2.0 

20.0 

-2.0 

20.0 

Reload  powder 

-100.0 

10.0 

-100.0 

10.0 

-100.0 

10.0 

R'‘load  projo  and  pwdr 

-100.0 

15.0 

-100.0 

15.0 

-100.0 

15.0 

Last  open  breech 

1.0 

4.5 

1.0 

5.0 

1.0 

5.0 

Swab  and  inspect 

7.0 

100.0 

7.0 

100.0 

5.0 

100.0 

“Applies  only  to  Crews  2  and  3  (Traverse  tube  II). 


analyses  or  in  ti  e  analysis  of  variance.  Furthcnnore,  the  outlier  data  points  are  not  carried 
forward  to  crew  aggregate  plots  nor  to  subsequent  performance  "■•alculations. 


4.2.4.  Summary  of  Task  Time  Regressions  and  ANOVA. 

Appendix  C  presents  figures  and  tables  for  each  task  following  the  order  of  the  task 
definitions  in  Section  4.1.  The  order  generally  follows  the  cycle  of  tasks  to  prepare  and  fire  the 
first  round  and  then  to  prepare  and  fire  subsequent  rounds.  For  convenience  of  visual 
comparison,  data  for  all  three  crew  postures  (BDU,  MOPP4'S,  and  MOPP4-R)  are  groujied 
together  for  each  task.  The  following  discussion  summarizes  results  for  each  posture  separately. 

Table  4-3  summarizes  the  signs  of  the  slopes  of  the  regression  lines  from  Appendix  C  for 
each  task  and  each  crew  in  BDU.  The  table  also  includes  from  Appendix  C  the  "Prob.  Value 
of  F”  from  the  ANOVA  and.  if  the  value  is  greater  than  or  equal  to  0.05,  the  sign  of  the  slope 
of  the  aggregate  regression  line.  Table  4-3  shows  that  most  task  times  showed  no  statistically 
significant  change  over  the  17  fire  missions  of  each  scenario.  When  there  is  a  significant  slope, 
a  majority  of  the  cases  (6  of  9)  show  a  task  time  decreasing  with  scenario  time  (a  negative 
slope),  but  there  is  no  apparent  pattern  across  tasks  or  crews.  For  no  task  did  more  than  one 
crew  show  a  significant  slope. 

The  practice  or  warmup  effect  reported  in  Volume  1  for  the  overall  rates  of  fire  in  BDU  is 
not  a  prominent  feature  of  the  BDU  task  data  summarized  in  Table  4-  3. 

Table  4-4  summarizes  the  similar  information  for  MOPP4-S,  that  is,  for  scenarios  with 
crewmembers  in  MOPP4  with  standard  crew  positions.  In  this  case,  when  there  is  a  significant 
slope  for  individual  crew  data,  the  majority  of  the  cases  (11  of  15)  show  a  task  time  increasing 
with  time  in  MOPP4  (a  positive  slope).  The  ANOVA  results  show  that  performance  was 
equivalent  among  crews  for  10  out  of  21  tasks  with  only  one  of  these,  load  first  projectile  and 
powder,  having  a  significant  (positive)  slope. 

Table  4-5  summarizes  the  same  results  for  MOPP4-R,  that  is,  for  scenarios  with  crew  in 
MOPP4  using  a  regimented  rotation  of  crew  positions  to  distribute  the  thermal  work  load.  Only 
Crews  2  and  3  performed  this  scenario.  As  with  MOPP4-S,  when  there  is  a  significant  slope  for 
individual  crew  data,  the  majority  of  cases  (7  of  8)  show  a  task  time  increasing  with  time  in 
MOPP4  (a  positive  slope).  The  ANOVA  results  show  that  task  time  disriibutions  for  the  two 
crews  were  equivalent  for  16  of  21  tasks.  Of  the  16  equivalent  cases,  5  had  significant  positive 
slopes  (worsening  performance  with  time  in  MOPP4)  and  none  had  significant  negative  slopes. 
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Tabic  4-3.  Summary  of  regression  slopes  and  ANOVA  results  for  crews  in  BDU. 


Task 

Sign  of  slope' 

ANOVA 

Sign  of  slope' 

Relay  orders 

J 

o 

Crew 

2 

3 

0 

Prob.  value 
off 

0.000 

Aggregate 

data 

Begin  set  deflection 

0 

+ 

0 

0.006 

Set  deflection 

0 

o 

0 

0.873 

o 

Traverse  tube  I 

Traverse  tube  II 

o 

o 

0 

0.676 

0 

Begin  set  elevation 

o 

o 

0 

0.014 

Set  elevation 

0 

o 

+ 

0.492 

0 

Elevate  tube 

o 

o 

o 

0.191 

o 

Begin  first  load 

- 

o 

0 

0.000 

Load  projectile 

Load  first  powder 

o 

0 

o 

o 

0.000 

0.176 

o 

Load  first  projo  and  pwdr 

o 

0 

0 

0.005 

Lock  breech  and  prime 

0 

- 

0 

0.000 

Fire 

- 

0 

0 

0.000 

Open  breech 

o 

o 

- 

0.000 

Swab  chamber 

0 

0 

0 

0.005 

Check  sight 

o 

0 

- 

0.010 

Begin  reload 

0 

0 

o 

0.000 

Reload  powder 

0 

0 

0.095 

0 

Reload  projo  and  pwdr 

0 

o 

0 

0.008 

Last  open  breech 

0 

0 

0 

0.002 

Swab  and  inspect 

o 

+ 

0 

0.000 

“Sign  of  slope  is  "o "  if  proh  t  from  regression  analysis  is  >0.05,  that  is,  no  statistically 
significant  slope.  Blank  entry  means  no  data  available. 

'’Sign  of  slope  from  aggregate  crew  data  is  quoted  only  if  the  ANOVA  gives  a  Prob.  value  of 
F  >0.05,  that  is,  there  arc  no  statistically  significant  differences  in  task  time  distribution 
among  the  crews.  The  ANOVA  results  show  that  performance  was  equivalent  among  the 
crews  for  only  6  out  of  21  tasks.  For  these  6  taslts,  none  of  the  regression  analyses  of  the 
aggregate  task  time  data  showed  a  statistically  significant  variation  of  task  time  with 
repetition  number. 
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Table  4-4.  Summary  of  regression  slopes  and  ANOVA  results  for  crews  in  MOPP4-S. 


Task 

Sign  of  sloped 

ANOVA 

Sign  of  slope*' 

Crew 

Prob.  value 

Aggregate 

off 

data 

1 

2 

3 

Relay  orders 

o 

0 

0 

0.087 

o 

Begin  set  deflection 

0 

0 

+ 

0.954 

o 

Set  deflection 

- 

0 

0 

0.008 

Traverse  tube  I 

o 

Traverse  tube  11 

o 

0 

0.024 

Begin  set  elevation 

o 

+ 

+ 

0.100 

o 

Set  elevation 

0 

- 

0 

0.839 

o 

Elevate  tube 

0 

0 

o 

0.729 

o 

Begin  first  load 

- 

0 

0 

0.035 

Load  projectile 

- 

+ 

0.046 

Load  first  powder 

0 

0 

0.043 

Load  lirst  projo  and  pwdr 

o 

0 

+ 

0.464 

+ 

Lock  breech  and  prime 

0 

+ 

0 

0.000 

Fire 

0 

+ 

0 

0.000 

Open  breech 

0 

0 

0 

0.470 

0 

Swab  chamber 

0 

o 

+ 

0.002 

Check  sight 

o 

o 

0 

0.320 

0 

Begin  reload 

0 

o 

+ 

0.264 

o 

Reload  powde' 

o 

o 

0.000 

Reload  projo  and  pwdr 

+ 

o 

+ 

0.000 

Last  open  breech 

o 

o 

o 

0.720 

o 

Swab  and  inspect 

o 

0 

o 

0.002 

“Sign  of  slope  is  "o"  if  prob  t  from  regression  analysis  is  >0.05,  that  is,  no  statistically 
significant  slope.  Blank  entry  means  no  data  available. 

'’Sign  of  slope  from  aggregate  crew  data  is  quoted  only  if  the  ANOVA  gives  a  Prob.  value  of 
F  >0.05,  that  is,  there  are  no  statistically  significant  differences  in  task  time  distribution 
among  the  crews. 


Table  4-5.  Summary  of  regression  slopes  and  ANOVA  results  for  crews  in  MOPP4-R. 


Task 

Sign  of  slope* 

ANOVA 

Sign  of  slope' 

Crew 

Prob.  value 

Aggregate 

ofF 

data 

jc  2 

3 

Relay  orders 

0 

0 

0.757 

o 

Begin  set  deflection 

0 

o 

0.054 

o 

Set  deflection 

0 

o 

0.107 

0 

Traverse  tube  I 

Traverse  tube  II 

0 

- 

0.435 

o 

Begin  set  elevation 

+ 

o 

0.381 

o 

Set  elevation 

o 

+ 

0.589 

o 

Elevate  tube 

0 

o 

0.056 

+ 

Begin  first  load 

0 

o 

0.587 

o 

Ixiad  projectile 

0 

+ 

0.725 

o 

Ivoad  first  powder 

o 

o 

0.086 

+ 

Load  first  projo  and  pwdr 

o 

o 

0.198 

+ 

Lock  breech  and  prime 

0 

o 

0.002 

Fire 

0 

0 

0.437 

o 

Open  breech 

0 

0 

0.011 

Swab  chamber 

+ 

0 

0.001 

Check  sight 

0 

o 

0.000 

Begin  reload 

0 

o 

0.017 

Reload  powder 

4 

+ 

0.132 

+ 

Reload  projo  and  pwdr 

+ 

o 

0.146 

+ 

Last  open  breech 

o 

o 

0.271 

o 

Swab  and  inspect 

o 

o 

0.569 

0 

“Sign  of  slope  is  "o"  if  prob  t  from  regression  analysis  is  >0.05,  that  is,  no  statistically 
significant  slope.  Blank  entry  means  no  data  available. 

"Sign  of  slope  from  aggregate  crew  data  is  quoted  only  if  the  ANOVA  gives  a  Prob.  value  of 
F  >0.05,  that  is,  there  are  no  statistically  significant  differences  in  task  time  distribution 
among  the  crews. 

‘Crew  1  did  not  conduct  a  scenario  in  MOPP4-R. 
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Taken  together,  the  MOPP4-S  and  MOPP4-R  regression  analyses  for  individual  crews  have 
5  cases  of  significant  negative  slope  (improving  performance)  and  18  cases  of  significant  positive 
slope  (worsening  performance)  consistent  with  the  expectation  that  heat  stress  associated  with  the 
MOPP  gear  is  a  dominant  effect  on  the  time  dependence  of  performance.  Of  the  5  cases  of 
negative  slope,  3  are  Gunner  or  Assistant  Gunner  tasks  and  2  are  Cannoneer  tasks.  Of  the  1 8 
cases  of  positive  slope,  5  are  Gunner  or  Assistant  Gunner  tasks  and  13  are  Cannoneer  tasks. 
These  observations  indicate  that  the  Cannoneer  tasks  are  more  susceptible  to  heat  stress-induced 
performance  degradation  than  Gunner  and  Assistant  Gunner  tasks.  Additionally,  the  Gunner  and 
Assistant  Gunner  tasks  may  be  more  susceptible  to  learning  or  practice  effects  that  compensate 
for  the  encumbrance  of  the  MOPP  gear. 

4.3.  BASELINE  TASK  TIMES. 

A  performance  measure  based  on  task  completion  time  is  used  to  express  the  performance 
degrading  effects  of  MOPP  gear  in  this  analysis.  Specifically,  performance  P  in  MOPP  gear  is 
expressed  as  the  ratio  of  a  normative  or  baseline  task  completion  time  t<)  to  the  task  completion 
time  t  in  MOPP  gear: 


P  =  l„/t  .  (4-1) 

The  mean  task  completion  time  in  BDU  is  used  us  the  baseline  time  for  each  task.  Since  a  main 
focus  of  the  present  analysis  is  the  determination  of  performance  as  a  function  of  time  in 
MOPP4,  an  important  step  is  the  selection  of  an  appropriate  baseline  for  measurements  at 
different  times  in  MOPP4. 

4.3.1.  Factors  Influencing  Selection  of  Baseline  Times. 

Tabic  4-3  shows  that  there  are  two  important  considerations  in  the  selection  of  ba.sc!ine  times. 
First,  the  ANOVA  results  show  that  for  most  tasks,  the  three  crews  do  not  perform  equivalently 
in  BDU.  In  these  cases,  it  is  necessary  to  u.sc  separate  baselines  for  each  crew.  When  the 
ANOVA  shows  consistency  among  the  crews  as  indicated  in  Table  4-3,  a  common  ba,scline 
determined  from  the  aggregate  crew  data  is  used. 

Second,  Table  4-3  shows  that  for  each  crew  there  are  a  few  tasks  with  statistically  significant 
variation  of  mean  task  time  over  the  scenario.  Most  of  the  slopes  are  negative,  that  is,  the 
baseline  time  tends  to  decrease  over  time,  lliis  decrease  is  attributed  to  a  warmup  effect  as 
discussed  in  Volume  1.  It  occurs  in  BDU  in  .spite  of  the  variation  of  order  of  the  BDU  scenario 
within  the  daily  exercise  schedule  for  the  different  crews.  In  fact,  the  data  for  Crew  1  in  BDU 
is  from  its  third  day  of  scenarios,  the  .second  day  in  BDU.  Since  there  is  no  correlation  with 


scenario  order,  it  is  assumed  that  the  negative  slopes  represent  a  variation  that  would  occur  on 
any  day  of  operations,  rather  than  a  learning  effect  that  would  go  away  with  practice.  If  the 
slope  is  due  to  warmup  each  day,  then  the  change  .should  be  related  to  the  number  of  repetitions 
of  the  given  task.  Therefore,  regression  analysis  of  task  time  versus  repetition  number  is  used 
to  predict  baseline  times,  whether  for  individual  or  aggregate  crew  data. 

4.3.2.  Regression  Prediction  of  Baseline  Times. 

Table  4-6  summ, arizes  the  regression  coefficients  for  the  calculation  of  baseline  task  times 
in  BDU  versus  repetition  number  for  each  task  and  each  crew.  If  the  coefficients  are  identical 
for  all  crews,  they  arc  from  the  regression  analyses  of  aggregate  crew  data  appearing  in  Appendix 
C.  If  the  coefficients  are  different  for  each  crew,  they  are  from  rcgrcs.sion  analyses  of  the 
individual  crew  data  sets.  These  individual  regressions  versus  repetition  number  use  the  data  as 
shown  in  Appendix  C,  but  arc  not  shown  explicitly  in  this  report.  The  regression  lines 
summarized  in  Table  4-6  are  used  to  calculate  baseline  task  times  for  each  repetition  even  when 
Table  4-3  shows  that  the  data  is  statistically  consistent  with  no  slope.  This  choice  yields  valid 
estimates  lor  all  baseline  times  and  avoids  treating  slopes  of  the  tasks  differently  based  on  the 
arbitrary  choice  of  the  5%  level  of  statistical  .significance  used  in  Table  4-3. 

The  data  in  Tabic  4-6  is  included  in  digital  form  in  the  file  README.'FXT  on  the  diskette 
that  accompanies  this  report. 

4.3.3.  Uncertainty  in  Baseline  Times. 

It  is  useful  to  characterize  the  root  mean  .square  (rms)  deviation  as  well  as  the  mean  of  the 
task  times  in  BDU.  A  graphical  characterization  is  providetl  in  Appendix  C  by  the  68% 
confidence  band  pl'  tted  with  eacli  regre.s.sion  line.  This  band  is  naiTowe.st  along  the  regression 
line  at  a  value  of  the  repetition  number  (independent  variable)  corresponding  to  the  mean  of  the 
task  time  (dependent  variable)  for  the  datii  points  in  each  .set.  Tlie  standard  deviation  of  the 
estimate  listcii  in  the  tables  in  Appendix  C  for  each  regre.ssioii  analysis  characterizes  the  half 
width  of  the  narrowest  point  of  the  68%  confidence  bai.d.  For  large  .samples,  the  width  of  the 
68%  confidence  band  at  this  point  is  equal  to  twice  the  standard  deviation  of  the  estimate.  For 
.smaller  samples  as  in  Appendix  C,  the  68%  band  calculated  from  Student’s  /-distribution  is  wider 
than  two  standard  deviations. 


Table  4-6.  Regression  results  used  to  calculate  baseline  task  times  and  uncertainty  limits  as  a  function  of  repetition  number. 
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When  the  data  points  are  sparse  and  poorly  coirelatcd,  as  with  some  of  the  MOPP4  data,  the 
68%  confidence  band  flares  away  from  the  regression  line  quite  markedly  relative  to  the 
narrowest  point  because  of  uncertainty  in  the  slope  of  the  regression  line.  Fortunately,  the  flaring 
is  minimal  for  the  BDU  data.  The  standard  deviation  of  the  estimate  can  be  used  to  characterize 
the  spread  of  task  times  predicted  by  the  regression  line  since  the  BDU  data  has  a  wen- 
determined  slope  resulting  in  little  variation  of  the  width  of  the  68%  confidence  band  for 
different  repetition  numbers  (see,  for  example.  Figure  C-1).  The  column  labelled  s.d.  in  Table 
4-6  lists  the  standard  deviation  of  the  estimate  from  the  regression  analyses  of  the  aggregate  crew 
data  for  each  task.  It  characterizes  the  spread  of  task  times  to  be  expected  from  repeated 
measurements  of  the  task  time  by  different  crews. 

The  uncertainty  in  the  determination  of  the  mean  of  any  task  time  due  to  the  limited  number 
of  field  measurements  is  the  standard  error  of  the  mean.  The  standard  error  of  the  mean 
predicted  by  the  regression  line  varies  with  repetition  number  in  a  manner  similar  to  the  width 
of  the  68%  confidence  band.  The  standard  error  of  the  constant  as  listed  in  the  statistical 
summtiry  tables  of  Appendix  C  is  the  standard  crrtu'  of  tiie  regression  line  prediction  at  repetition 
number  0.  In  reality  there  is  no  repetition  number  0  since  rf:petition  number  starts  at  1  by 
definition.  However,  the  standard  error  of  the  constant  is  convenient  as  a  representative 
characterization  of  the  unceitainty  in  the  ba.scline  values  since  the  BDU  data  has  a  wcll- 
dctem\ined  slope  and  little  variation  of  cither  the  standard  error  of  the  mean  or  the  width  of  the 
68%  confidence  band  for  different  repetition  numbers  (see,  for  example,  Figure  C-1).  The 
column  labelled  i.e.  in  Table  4-6  lists  the  .standard  error  of  the  constant  from  the  regression 
analyses  of  tlie  aggregate  crew  data  for  each  task. 

4.3.4.  Special  Cases. 

As  stated  before,  Table  4-6  shows  the  constant  and  sloin;  used  to  predict  baseline  task 
complcdon  times  for  each  crew  as  a  function  of  ta.sk  repetition  number.  Special  cases  shown  in 
italiis  in  Tabic  4-6  are  discussed  in  the  following  paragraphs. 

Table  4  3  shows  that,  generally,  the  individual  regression  lines  for  each  crew  did  not  have 
significant  slopes,  'fhe  eases  that  do  have  a  significant  slo|)C  have  been  examined  for  anomalies, 
Tlie  data  for  the  begin  first  loud  shows  an  anomaly  fur  Crew  1  in  that,  unlike  Crews  2  and  3, 
Crew  1  performed  the  task  slower  in  BffU  tlian  in  Mni'lM.  The  Crew  1  time  in  BDU  is  much 
slower  than  for  Crews  2  and  3  for  early  fire  nii.ssions,  but  approaches  that  of  the  other  crews  for 
the  lute  lire  missions,  bor  this  rca.son.  the  baseline  time  for  Crew  1  for  all  fire  missions  m 
MOPF'^  is  .set  equal  to  the  regression  line  value  for  Fire  Mis.sion  17  in  BDU. 

Another  noticeable  unomaiy  is  the  lock  breech  and  prime  task  for  Crew  2.  As  noted  in 
Section  2.2  for  the  /ire  event  and  in  Appendix  C  for  the  fire  task,  the  Loader  for  Crew  2,  as  a 
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result  of  inexperience,  had  trouble  with  misfires  on  the  first  exercise  day  in  BDU,  but  not  on 
subsequent  days  in  MOPP4.  His  times  for  lock  breech  and  prime  show  a  very  strong  learning 
effect  in  BDU  but  not  in  MOPP4.  Therefore,  tlie  baseline  time  for  Crew  2  for  all  fire  missions 
in  MOPP4  is  set  equal  to  the  regression  line  value  for  Fiie  Mission  17  in  BDU.  This  value  is 
about  4.5  s  in  contrast  to  about  3.5  s  for  the  other  crews. 

There  arc  other  anomalies  associated  with  the  Crew  2  Loader.  The  anomaly  for  the  fire  task 
is  fixed  by  the  liberal  application  of  a  long-time  oudier  criterion.  The  situations  for  the  open 
breech  and  last  open  breech  tasks  are  similar  to  that  for  lock  breech  and  prime  so,  once  again, 
the  baseline  time  for  all  MOPP4  rire  missions  is  set  equal  to  the  regression  line  value  for  Fire 
Mission  17  in  BDU  for  these  two  tasks.  The  swab  chamber  task  times  for  the  Crew  2  Loader 
arc  reasonably  consistent  with  those  of  the  Crew  1  and  Crew  3  Loaders  and  do  not  show  a 
learning  effect,  so  the  baseline  times  from  the  regression  line  arc  accepted  without  change. 
Apparently,  the  swab  chamber  task  was  mt)re  familiar  or  easier  than  the  others  for  the  Crew  2 
Loader.  The  swab  and  inspect  task  after  the  Ixst  round  might  be  expected  to  be  closely 
equivalent  to  tfiC  swab  chamber  task.  Interestingly,  the  performance  of  the  Crew  2  Loader 
deteriorated  significantly  in  BDU  with  a  positive  regression  slope  as  shown  in  Table  4-3.  Since 
this  task  is  performed  after  the  last  round  of  the  fire  mission  and  not  under  time  pressure,  it  is 
likely  that  the  deteriorating  performance  is  due  mostly  to  the  accumulation  of  strc.ss  from  the 
repeated  misfires  and  associated  attention  (ribbing)  from  other  crewmembers.  Accordingly,  the 
bxselinc  time  for  the  swab  and  inspect  task  for  all  fire  mi.ssions  for  Crew  2  in  MOPP4  is  set 
equal  to  the  BDU  rcgre.ssion  line  prediction  for  Fire  Mission  1  in  BDU. 

In  suinmuiy.  Appendix  C  presents  the  full  range  of  task  time  measurements  for  M198 
howitzer  crewmember  ta.sks  during  fire  missions.  Carefully  .selected  regression  analyses  of  the 
data  with  crewmembers  in  BDU  provide  baseline  times  for  calculation  of  performance  on  the 
same  tasks  in  MOPP4, 

The  task  completion  times  plotted  in  Appendix  C  .are  al.so  included  in  digital  form  on  the  3.5” 
diskette  tJia*  accompanie.s  his  report. 


SECTION  5 

HEAT  STRESS  AND  STRAIN 


Heat  stress  on  an  individual  is  the  combination  of  environmental  conditions  and  behavioral 
factors  with  which  the  body’s  thermoregulatory  mechanisms  n?ust  cope.  Heat  strain,  which  may 
be  measured  by  a  variety  of  physical  and  psychological  indicators,  is  the  body's  response  to  heat 
stress. 

Sources  of  theimal  energy  contributing  to  heat  stress  are  hot  objects  in  the  work  environment, 
heated  air,  ambient  thermal  radiation  including  solar,  and  tlie  metabolic  work  rate  of  the 
individual.  Other  contributors  to  heat  stress  are  factors  that  influence  heat  transport.  These 
factors  increase  heat  stress  by  intcrtcring  with  the  body’s  ability  to  dispose  of  excess  heat.  Such 
factors  include  clothing  type,  ambient  air  temperature,  ambient  humidity,  wind  speed,  and  the 
health  and  physical  condition  of  the  individual,  especially  hydration. 

As  part  of  the  safety  conditions  of  this  exercise,  medical  personnel  monitored  the  core 
temperature,  heart  rate,  and  skin  temperature  of  each  crewmember  to  limit  the  amount  of  heat 
strain  suffered  by  each.  When  a  crewmember  exceeded  predetermined  physiological  limits,  he 
was  removed  from  the  exercise.  Performance  measurements  from  the  exercise,  therefore, 
represent  tfic  capability  of  remaining  crewmembers  with  heat  strain  less  than  the  exercise  limits. 
The  measured  pcformance  values  arc  conditional;  that  is,  they  represent  the  capabilities  of  a 
crewmember  given  that  he  has  not  reached  the  specified  level  of  heat  strain. 

For  modeling  crew  performance,  it  is  useful  to  separate  the  calculation  of  individual 
performance  into  two  step.s.  First,  estimate  tlie  probability  that  a  crewmember  is  still  functioning, 
that  i.s,  has  not  exceeded  a  specified  level  of  heat  strain.  Second,  given  that  the  crewmember  is 
still  functioning,  estimate  performance  degradation  for  the  given  task. 

This  .section  presents  the  available  heat  stre.ss  and  heat  strain  data  for  the  M198  howitzer 
exerci.se.  This  data  is  analyzed  to  determine  an  analytical  expression  for  the  probability  that  heat 
strain  limits  have  not  been  exceeded.  FinaUy,  a  comparison  is  made  with  predictions  of  the 
Heat  Strain  Decision  Aid  (HSDA)  program.  Version  2.0,  which  is  based  on  algorithms 
from  the  U.S.  Army  Rc.search  In.stitutc  for  Environmental  Medicine  (USARIEM). 

5.1.  METEROLOGICAL  DATA 

Table  5-1  summarizes  meteorological  dai  for  each  of  the  cxcrci.se  days.  Two  .sets  of 
temperature,  humidity,  and  wind  speed  data  arc  shown,  rcprc.scnting  the  1.5  minute  report  ncare.st 
the  exerci.se  start  time  and  that  neiurcst  the  exercise  finish  or  halt  time.  The  last  two  columns 
.show  the  period  of  time  for  the  day’s  exercise  in  decimal  hours  (EDT)  and  the  average  solai’ 
insolation  curing  this  period.  The  solai'  insolation  is  expressed  as  tlic  number  of  watts  of  sunlight 


falling  on  a  square  meter  of  level  ground.  The  average  was  calculated  by  integrating  a  cubic 
spline  curve  fitted  to  hourly  average  insolation  values  reported  from  a  nearby  meteorological 
station.  Appendix  A  of  Volume  1  includes  plots  of  hourly  insolation. 


Table  5-1.  Meteorological  summary  for  the  exercise  days  (Zubal,  1992). 

Starting  Conditions  Ending  Conditions  Average  Solar  Insolation 


Wind 

Wind 

Time 

Crew 

Temp 

Hum  Ave/Pk 

Temp 

Hum 

Ave/Pk 

Interval 

Insolation 

°F 

% 

kt 

°F 

% 

kt 

EOT 

W/m2 

CIM 

82 

71 

5/10 

88 

58 

6/11 

10.63  - 

16.26 

747 

CIW 

77 

81 

— 

79 

68 

— 

10.29  - 

13.20 

691 

CIF 

68 

90 

3/7 

74 

79 

2/6 

9.67  - 

13.78 

440 

C2M 

70 

92 

3/7 

72 

92 

3/5 

10.15  - 

14.00 

148 

C2W 

76 

81 

3/6 

81 

63 

2/8 

9.67  - 

11.43 

653 

C2F 

70 

71 

3/7 

77 

54 

4/6 

9.59  - 

16.00 

815 

C3M 

75 

84 

3/5 

81 

63 

5/8 

9.72  - 

14.93 

784 

C3W 

79 

86 

3/4 

89 

63 

4/7 

9.10  - 

13.58 

635 

C3F 

77 

90 

5/9 

85 

71 

11/19 

9.08  - 

13.15 

631 

Since  the  crews  did  not  use  a  camouflage  net  for  this  exercise,  shading  of  the  crewmembers 
was  negligible  with  the  possible  exception  of  the  Assistant  Gunner  who  worked  on  the  nortli  side 
of  the  howitzer  (aimed  wcstwaid).  Monday  for  Crew  2  (C2M)  was  a  rainy  day.  Friday  for  Crew 
2.  when  they  completed  their  MOPP4-R  scenario,  was  the  sunniest  day  but  had  the  lowest 
combination  of  temperature  and  humidity.  Generally,  the  air  temperature  was  in  the  range  of  75 
to  85  °F  with  relative  humidity  mostly  from  65  to  85%.  Note  that  two  corrections  have  been 
made  in  Table  5-1  relative  to  the  same  data  presented  in  Table  2-4  of  Volume  1,  which  contained 
tran.scription  errors  for  the  ending  humidity  for  CIW  and  the  ending  average  wind  .speed  for 
C3M.  The  corrected  data  are  underlined  in  Tab'e  5-1. 

5.2.  PHYSIOLOGICAL  DATA. 

Appendix  E  presents  plots  of  core  temperature,  heart  rate,  and  skin  temperature  (Redmond, 
1992)  for  each  crewmember  on  each  day  of  the  exercise  for  both  BDU  and  MOPP4  conditions. 

Core  body  temperature  was  measured  and  transmitted  by  a  capsule  .swallowed  by  each 
crewmember  each  exerci.se  day.  Although  this  method  is  somewhat  more  elegant  than  the  recta) 
probes  formerly  used  for  this  kind  of  exercise,  the  swallowed  capsule  has  one  serious  drawback 
for  monitoring  heat  strain.  That  is,  while  the  capsule  is  still  in  the  stomach,  a  drink  of  water 
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drastically  affects  its  temperature  reading.  The  drink  causes  the  temperature  of  the  stomach 
contents  to  drop  abruptly  because  of  the  lower  tempe  •  re  of  the  ingested  liquid  and  then  to 
return  slowly  to  core  body  temperature.  At  a  time  that  cannot  be  directly  determined  from  the 
data,  the  capsule  moves  into  the  small  intestine,  c  ■  itually  giving  a  stable  reading  of  core 
temperature. 

The  transmitted  signals  in  Appendix  E  clearly  show  the  effect  of  water  ingestion.  Much  of 
the  core  temperature  data  for  this  exercise  is  so  frequently  influenced  by  diinking  water  that  it 
cannot  be  used  as  a  quantita'i  ve  measure  of  heat  strain.  Some  of  the  data  could  be  recovered 
with  a  thermal  model  of  ilte  Sumach;  however,  such  an  effort  is  beyond  the  scope  of  this  study. 

Skin  temperature  was  measured  by  sensors  at  three  different  locations  on  the  torso.  One  of 
ti.e  sensor  locations  had  fiequent  data  interruptions  and  is  not  used  here.  The  skin  temperature 
plots  in  Appendix  E  show  the  average  of  the  other  two  sensors.  This  average  offers  some 
promise  as  an  indicator  or  heat  stress  but  would  require  careful  signal  processing  to  provide  a 
reliable  measure.  Heart  rate  data  are  also  plotted  in  Appendix  E.  These  data  are  quite  noisy, 
with  frequent  data  dropouts,  and  would  also  require  careful  signal  processing  to  provide  reliable 
data. 

In  conclusion,  further  analysis  and  data  processing  would  be  required  to  use  the  physiological 
data  pre.sented  in  Append!?'  E  to  generate  a  quantitati-e  meacure  of  heat  strain.  The  analysis  in 
this  report  uses  the  le.ss  sati.'.factory  but  more  reliable  choice  of  quantifying  heat  stress  tiirough 
time-in-MOPP4  with  auxil  ary  data  .specifying  crew  activity  level  and  environmental  conditions. 

5.3.  CREWMEMBER  REMOVAL  FROM  EXERCISE. 

The  first  safety  limitation  impo.sed  by  medical  personnel  was  that  a  crewmember’s  core 
temperature  should  not  rise  above  39.4  ”C.  Second,  a  crewmember’s  heart  rate  should  not  exceed 
160  beats  per  minute  for  more  than  five  minutes  at  rest  nor  should  it  exceed  180  for  more  than 
five  minutes  at  woik.  If  any  one  of  these  physiological  limits  were  exceeded  by  a  crewmember, 
he  wa.s  withdrawn  from  operations  and  given  medical  attention.  In  addition,  crewmembers  close 
to  the  limiLs  were  sometimes  examined  race-to-face  by  medical  personnel  and  removed  at  their 
discretion.  Remaining  crewmembers  resumed  operations  with  position  and  task  adjustments  as 
necc-ssary.  When  only  six  crewme,  '  ■ers  remained,  die  exercise  was  halted  for  the  day. 

All  of  those  crewmembers  removed  from  the  exercise  by  medical  personnel  were  still 
performing  their  tasks  just  before  removal,  although  the'r  conditions  viuried.  Some  clearly  wanted 
to  continue  with  the  exercise.  Others  were  obviously  weakened  and  did  not  protest  removal.  In 
spite  of  the  he,at  stress,  there  were  no  instances  of  .self-removal. 

r.ible  5-2  summarizes,  for  each  day  of  the  exercise  and  each  indiv-dual  removed,  the  removal 
time.  Participant  Identification  (PID)  number,  number  of  fue  missions  completed,  and  a 
qualitative  de.scription  of  the  reason  for  removal.  Of  course,  no  crewmember  required  removal 


from  the  scenjirios  in  BDU.  This  data  allows  the  construction  of  Table  5-3,  which  shows  the 
average  number  of  crewmembers  present  during  0.2  hour  inter\  als  for  each  scenario  in  MOPP4. 
Since  each  day’s  scenario  was  halted  when  the  crew  was  down  to  6  crewmembers,  there  is  no 
data  available  for  more  than  40%  attrition. 


Table  5-2, 


Removal  of  crewmembers  by  medical  personnel  because  of  heat  strain  limits. 


Crew/Day 

Removal 

Fire 

missions 

( Posture) 

Time  (h) 

completed 

PID 

CIW  (S) 

1:42 

4 

15 

2:12 

7 

14 

2:28 

7 

17 

2:48 

7 

— 

C2W  (S) 

0:30 

0 

21 

1:09 

3 

29 

1:09 

3 

27 

1:28 

6 

28 

C2F  (R) 

4:26 

8 

27 

5:11 

11 

25 

5:24 

11 

23 

C3M  (S) 

2:18 

6 

36 

2:55 

7 

30 

4:26 

7 

34 

5:02 

9 

33 

C3F  (R) 

2:26 

7 

34 

3:15 

7 

36 

3:37 

7 

37 

4:04 

9 

32 

Reason  for  removaP 

Body  core  temperature,  heart  rate 
Participant  felt  wobbly,  was 
red-faced 

Weak,  chills,  numb  limbs 
3  Crewmen  "on  the  brink  of 
temperature  and  heart  rate  limits." 
Medical  monitoring  recommendation  to 
terminate  scenario. 

Heart  rate 

Body  core  temperature 
Shortness  of  breath 
Nausea 


Shortness  of  breath 

Pulled  by  mistake  ««<NOTE>»» 
Body  core  temperature 

Body  core  temperature 
Body  core  temperature 
Stomach  cramps 
Body  core  temperature 

Heat  symptoms 
Body  core  temperature 
Body  core  temperature 
Body  core  temperature 


I  Pii^  ic^aovui  lOi  iviFiV/vai  ad  iii  uud  wod  ic^wQiUWU  uy  uiw  Oudcivt^id  iiuiii  wuiu-ui’* 

mouth  information  during  the  exercise  and  is  an  incomplete  indication  of  crewmember  condition. 
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Table  5-3.  Number  of  crewmembers  still  operating  versus  time  in  MOPP4. 

Mean  crew  size  during  imerval  foul  of  10  unless  otherwise  indicated) 


Time  in  M0PP4  MOPP4-S  MOPP4-R 


Imerval 

(h) 

Mean 

(h) 

Crew  1 

Crew  2 

Crew  3 

Crew  2 

Crew  3 

.0-  .2 

.1 

10 

10 

10 

10 

10 

.2  -  .4 

.3 

10 

10 

10 

10 

10 

.4-  .6 

.5 

10 

9.5 

10 

10 

10 

.6  -  .8 

.7 

10 

9 

10 

10 

10 

.8  -  1.0 

.9 

10 

9 

10 

10 

10 

1.0  -  1.2 

1.1 

10 

8.5 

.'0 

10 

10 

1.2  -  1.4 

1.3 

10 

7 

10 

10 

10 

1.4  -  1.6 

1.5 

10 

6.35 

10 

10 

10 

1.6  -  1.8 

1.7 

9.5 

■ 

10 

10 

10 

1.8  -  2.0 

1.9 

9 

- 

10 

10 

10 

2.0  -  2.2 

2.1 

9 

- 

10 

10 

10 

2.2  -  2.4 

2.3 

S 

- 

9.5 

10 

10 

2.4  -  2.6 

2.5 

7.5 

- 

9 

10 

9.2 

2.6  ■  2.8 

2.7 

7 

9 

10 

9 

2.8  -  3.0 

2.9 

6 

- 

8.6 

10 

9 

3.0  ■  3.2 

3.1 

- 

8 

10 

9 

3.2  -  3,4 

3.3 

- 

8 

10 

8.2 

3.4  .  3  6 

3.5 

- 

8 

10 

8 

3.6  -  3.8 

3.7 

- 

8 

10 

7.1 

3.8  -  4.0 

3.9 

- 

8 

10 

7 

4.0  ■  4.2 

4,1 

- 

- 

8 

10 

6.4 

4.2  -  4.4 

4.3 

- 

• 

8 

10 

4.4  -  4.6 

4.5 

- 

- 

7.2 

9.2 

4.6  ■  4.8 

4.7 

- 

- 

7 

9 

4.8  -  5.0 

4.9 

- 

- 

7 

9 

5.0  -  5.2 

5.1 

- 

• 

6.2 

9 

5.2  ■  5.4 

5  3 

- 

- 

- 

8  of  9* 

5.4  -  5.6 

5.5 

- 

- 

- 

7  of  9 

.5.6  -  5.8 

5  7 

- 

- 

7  of  9 

5.8  -  6  0 

5.9 

- 

- 

- 

7  of  9 

6.0  -  6.2 

6.1 

- 

- 

- 

7  of  9 

6.2  -  6.4 

6.3 

. 

_ 

. 

7  of  9 

‘As  indicated  in  Table  5-2.  one  crewmember  was  pulled  by  mistake,  effectively  reducing  the  sample  size  at  this  time. 


5.4.  FRACTION  OF  CREWMEMBERS  REMAINING  VERSUS  TIME  IN  MOPP4. 

Figures  5-1  and  5-2  plot  the  fraction  of  crewmembers  remaining  for  each  M0PP4  scenaiio 
as  a  function  of  time  in  MOPP4  for  standard  and  rotating  crew  positions,  respectively.  The  data 
values  for  the  plotted  symbols  arc  derived  directly  from  Table  5-3.  In  addition,  Figures  5-1  and 
5-2  contain  a  fitted  curve  for  each  crew.  These  curves  are  calculated  with  a  two-parameter 
function  commonly  called  a  Weibull  function; 

F(t)  =  exp[-ln(2)x(t/t5on,  (5-1) 

where  t^o  i-  a  parameter  with  dimensions  of  time  determining  when  the  function  drops  to  50% 
of  its  initial  value  and  y  is  a  dimensionless  parameter  determining  the  slope  of  the  function  in 
the  vicinity  of  u^. 

Table  5-4  lists  parameter  values  obtained  from  the  least  squares  fit  for  each  crew  as  well  as 
the  average  value  of  each  parameter  for  MOPP4-S  and  MOPP4-R.  The  solid  curves  in  Figures 
5-1  and  5-2  aie  calculated  from  Equation  5-1  with  the  mean  parameter  values.  Because  there  is 
no  data  beyond  40%  attrition,  the  use  of  these  curves  at  more  than  50%  attrition  is  not 
recommended. 

Figures  5-1  and  5-2  show  tliat  crewmembers  generally  persisted  longer  with  the  regimented 
rotation  of  positions  (MOPP4-R)  than  they  did  with  standaid  crew  positions  (MOPP4-S), 
consistent  with  the  expectation  of  distributing  the  theimal  work  load  of  crewmembers  through 
the  rotation.  This  observation  is  illustrated  by  the  mean  values  of  t^)  in  Table  5-4,  5.9  h  for 
MOPP4-R  versus  3.7  h  for  MOPP4-S. 

The  substantial  variation  in  attrition  rate  from  crew  to  crew  in  Figures  5- 1  and  5-2  indicates 
.some  uncertainty  in  this  analysis.  Furthermore,  although  Crew  2  shows  the  expc  :ted  difference 
between  MOPP4-R  and  MOPP4-S,  Crew  3  actually  attrited  a  little  sooner  for  rotating  po.sitions 
than  for  standard.  These  variations  indicate  a  need  to  examine  the  impact  of  weather  conditions 
on  the  exercise. 
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Figure  5-1.  Attrition  of  crewmembers  during  tlie  MOPP4-S  scenarios. 
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Figure  5-2,  Attrition  of  crewmembers  during  the  MOPP4-R  scenarios. 


Table  5-4.  Parameters  for  Weibull  functions  (Equation  5-1)  describing  the  fraction  of 
crewmembers  remaining  as  a  function  of  time  in  MOPP4  for  this  exercise*. 

MOPP4-S  MOPP4-R 


Crew 

tsc  ^ 

Y 

*50  ^ 

V 

1 

3.11 

4.30 

- 

- 

2 

1.77 

2.51 

7.40 

4.84 

3 

6.27 

2.28 

4.50 

4.35 

Mean 

3.72 

3.02 

5.95 

4.60 

‘Because  of  limitations  of  the  data  on  which  these  parameters  are  based,  the  authors  do  not 
recommend  extrapolation  of  these  functions  beyond  50%  attrition. 

5.5.  IMPACT  OF  METEOROLOGICAL  CONDITIONS. 

The  impact  of  meteorological  conditions,  particularly,  ambient  temperature,  humidity,  and  wind 
speed,  can  be  assessed  with  a  thennal  model  of  tiic  human  body  if  it  the  model  includes 
interaction  with  the  environment.  The  P^NBC^  HSDA  code,  based  on  models  developed  by 
USARIEM,  provides  such  a  capability  (McNally  et  al.,1992).  Given  tlie  ambient  v/cathcr 
conditions  and  the  clothing  and  activity  level  of  an  individual,  the  code  provides,  among  other 
things,  the  time  dependent  core  temperature  of  the  individual. 

Figure  5-3  plots  core  temperature  as  predicted  by  the  HSDA  code  for  two  different  activity 
levels  (metabolic  work  rates)  given  that  the  individual  is  in  MOPP4  (Battle  Dress  Overgarment, 
closed)  and  that  the  ambient  conditions  are  those  recorded  at  the  end  of  the  Crew  3  MOPP4-R 
.scenario  (C3F)  of  the  M198  exercise.  The  model  indicates  that  the  body  core  temperature 
approaches  an  equilibrium  value  and  is  within  0.1  "C  of  tliat  equilibrium  within  2  hours.  The 
characteristic  (ie)  time  for  core  temperature  equilihriation  is  about  40  minutes.  The  two  curves 
in  Figure  5-3  illusuate  the  sensitivity  of  the  final  core  temperatu-e  to  metabolic  work  rate.  At 
310  Watts,  the  equilibrium  temperature  is  below  the  safety  limit  of  39.4  °C  for  this  exercise.  At 
a  work  rate  only  10%  higher  the  limit  is  exceeded  in  less  than  2  hours. 

Table  5-5  shows  results  from  HSDA  calculations  for  each  of  the  exercise  days  in  MOPP4 
using  metabolic  work  rate  of  310  Watts.  The  HSDA  code  i.s  based  on  steady  meteorological 
conditions.  As  .seen  from  Table  5-1,  actual  conditions  varied  significantly  over  the  several  hour 
extent  of  each  scenario  in  this  exercise.  Since  the  2  hour  equilibration  time  of  core  temperature 
indicated  by  the  HSDA  code  is  less  than  the  scenario  Icngth.s,  there  i,s  time  for  changes  in 
ambient  conditions  to  affect  the  outcome  of  the  exercise.  The  calculations  summarized  in  Table 
5-5  use  the  ambient  weather  conditions  at  the  end  of  each  scenario  as  representative  <  i  the 
conditions  causing  termination  of  the  scenario  due  to  heat  strain. 

The  final  core  temperature  listed  in  Table  5-5  repre.sents  the  limiting  value  of  core  temperature 
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with  a  steady  metabolic  work  rate  as  illustrated  in  Figure  5-3.  Only  for  the  Crew  2  MOPP4-S 
(C2W-S)  conditions  does  the  predicted  final  core  temperature  exceed  39.4  ®C  at  a  work  rate  of 
310  W.  For  this  case,  the  core  temperature  reaches  39.4  °C  at  1.7  hours.  This  time  is  listed  as 
the  nujximum  work  time  for  no  rest  in  Table  5-5.  The  HSDA  code  also  calculates  a 
recommended  work/rest  cycle  for  the  input  weather  conditions  and  activity  level.  The  time  to 
reach  39.4  ’C  under  this  work/rest  cycle  is  shown  in  Table  5-5  as  the  with  rest  maximum  work 
time.  For  the  Crew  2,  MOPP4-S  weatlicr  conditions,  the  work/rest  cycle  increases  the  maximum 
work  time  ..om  1.7  to  2.8  hours.  For  the  other  4  scenarios  in  the  table,  the  predicted  core 
temperature  equilibrates  below  39.4  °C,  so  the  maximum  work  times  are  listed  as  1>5  hours,  the 
length  of  the  HSDA  calculation. 

1  he  table  also  lists  the  probability  of  casualty  e.stimate  of  the  HSDA  code  given  the  work/rest 
cycle.  Finally,  Table  5-5  lists  the  actual  mis.sion  time  recorded  for  each  of  tlie  MOPP4  scenarios 
of  the  M198  exercise. 

Table  5-5.  Predictions  of  the  P^NBC^  Heat  Strain  Decision  Aid  (HSDA)  with  metabolic  work 
rate  of  310  Watts  for  the  MOPP4  scenarios. 

Weather  report  at 


eng 

'  of  scenario 

— 

HSDA  code  , 

predictions 

Field  data 

Final 

Proh. 

Maximum  work 

Crew 

core 

time,  h 

Mission 

Day 

Temp 

Hum 

Wind 

temp. 

casual. 

time 

No 

With 

"f 

% 

knots 

"C 

% 

re.tt 

rest 

h 

C2F-R 

77 

54 

4 

39.09 

21.4 

kS 

kS 

kCA 

C3F-R 

85 

71 

11 

39.23 

30.2 

k5 

kS 

4.1 

C3M-S 

81 

63 

5 

39.23 

30.3 

>5 

kS 

5.2 

CIW-S 

79 

68 

3’ 

39.34 

38.2 

>5 

>5 

2.9 

C2W-S 

81 

63 

2 

39.51 

50.4 

1.7 

2.8 

1.8 

"Value  e.stimated  from  written  comments  of  observers  which  indicated  light  winds. 


The  MOPP4  scenarios  in  Table  5-5  are  listed  according  to  increasing  values  of  predicted  final  core 
temperature  for  the  recorded  weather  conditions.  It  is  significant  that  there  is  a  nearly  inverse 
relationship  between  the  HSDA  code  prediction  for  the  final  core  temperature  (and  the  probability 
of  casualty)  and  the  actual  mission  times  accomplished  in  each  of  the  scenarios.  This  inverse 
relationship  indicates  that  meteorology  had  a  .significant  impact  on  the  outcome  of  the  scenarios. 

Table  5-6  presents  similar  code  predictions  for  an  as.sumcd  metabolic  work  rate  of  340  W.  Here 
the  predicted  maximum  work  times  with  rest  are  in  closer  agreement  with  the  field  data  and  there 
is  an  exact  agreement  between  the  ordering  according  to  increasing  predicted  core  temperature  and 
that  for  decreasing  mission  time  from  the  field  data. 

Table  5-7  shows  typical  metabolic  work  rates  for  activities  comparable  to  tho.se  performed  by  the 
M198  howitzer  crewmembers.  The  work  rates  range  from  1 16  Watts  for  sitting  or  standing  to  540 
Watts  for  enrjplaccment  digging.  Activity  during  the  M198  .scenarios  varied  widely.  Between  fire 
missions,  the  crewmembers  were  usually  standing  or  .sitting  around  with  little  motion  for  .several 
minutes.  During  fire  missions,  one  pair  of  crewmembers  jointly  carried  projectiles  (weighing  about 
40  kg  each)  one  at  a  time  to  the  howitzer.  Therefore,  the  rates  of  310  and  340  Watts  used  in  the 
calculations  for  I’ables  5-5  and  5-6  lae  in  a  reasonable  range  for  an  average. 

Table  5-6.  Predictions  of  P^NBC^  Heat  Strain  Decision  Aid  (HSDA)  with  metabolic  work  rate 
of  340  Watts  for  the  MOPP4  .scenarios. 

Weather  report  at 

end  of  scenario  _ IISDA  code  predictions _  Field  data 


Final 

Proh. 

Maximum  work 

Crew 

core 

of 

time,  h 

Mission 

day 

Temp 

Hum 

Wind 

temp. 

casual. 

time 

No 

With 

°F 

% 

knots 

°C 

% 

rest 

re. St 

h 

C2F-R 

77 

54 

4 

39.35 

38.7 

>5 

>5 

>6.4 

C3M-S 

81 

63 

5 

39.52 

51.3 

1.7 

2.7 

5.2 

C3F-R 

85 

71 

11 

39.53 

51.9 

1.7 

2.6 

4.1 

CIW-S 

79 

68 

3* 

39.64 

60.3 

1.4 

2.2 

2.9 

C2W-S 

81 

63 

2 

39.81 

72.4 

1.1 

1.8 

1.8 

'Value  estimated  from  written  comments  of  observers  indicating  light  winds. 
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Tabic  5-7,  Typical  metabolic  work  rates  (as  quoted  within  the  HSDA  code). 

Activity  Metabolic  work  rate 

Watts 


Standing  in  foxhole  or  sitting  in  truck 

116 

Guard  duty 

137 

Walking,  hai'd  surface,  1  m/s.  20  kg  load 

255 

Walking,  loose  .sand,  1  m/s,  no  load 

326 

Walking,  haid  surt'ace,  1.56  m/s,  no  load 

361 

Calisthenics 

378 

Walking,  hard  surface,  1.56  m/s,  20  kg  load 

448 

Pick  and  shovel 

465 

Emplacement  digging 

540 

<♦) 


5.6.  SUMMARY 

The  following  statements  .summarize  findings  regarding  meteorology  and  the  HSDA  code 
calculations: 

1.  Tlie  HSDA  code  shows  tliat  the  characteristic  time  Ihr  core  temperature  cquilibriation  is  about 
40  minutes,  .significantly  shorter  than  the  daily  exercise  time.  Therefore,  variations  in  meteorology 
during  each  day’s  exerci.se  can  affect  the  outcome. 

2.  ITie  HSDA  code  predicts  about  0.5  “C  core  temperature  variation  due  to  day-to-day  variations 
in  meteorology. 

3.  Variations  in  meteorology  during  each  day’s  exercise  arc  comparable  to  the  day  to  day  variation. 

4.  Hquilibrium  core  temperature  is  quite  sensitive  to  metabolic  work  rate;  in  the  regime  of  this 
exercise,  core  temperature  increase  about  0.3  “C  for  a  10%  (30  Watt)  increase  in  average  work 
rate. 


O 

55 


•  ••••••• 


«  16 


''  /  i 


I 


These  observations  support  the  following  conclusions: 

1.  It  is  not  a  good  approximation  for  modeling  or  analysis  to  assume  that  the  environmental 
conditions  were  constant  for  this  exercise,  either  day-to-day  or  hour-to-hour. 

2.  Crewmember  attrition  versus  time  in  MOPP4  c  likely  to  have  been  strongly  influenced  by 
the  daily  cycle  of  temperature,  humidity,  wind,  and  solar  variations  and  by  the  time  phasing  of 
the  scenario  relative  to  the  daily  cycle. 

3.  Day  to  day  variations  in  meteorology  can  explain  a  significant  pait  of  the  variation  in  mission 
lengths  for  the  different  .scenarios. 


4.  Analysis  of  the  attrition  data  and  the  task  time  data  would  be  improved  by  modeling  the  time 
dependence  of  both  the  ambient  meteorological  conditions  and  the  metabolic  work  rate. 


!  '  ! 

y  1  Finally,  additional  data  analysis  would  be  required  to  make  quantitative  use  of  the  physiological 

i  I  data  collected  during  the  exercise. 


SECTION  6 

RESULTS  FOR  TASK  PERFORMANCE  IN  MOPP4 


This  section  discusses  the  definition  of  performance  and  presents  results  for  task  performance 
versus  time  in  MOPP4.  For  ease  of  reference,  figures  and  tables  are  grouped  at  the  end  of  this 
section. 

6.1.  PERFORMANCE  REFERENCED  TO  BASELINE  TASK  TIME. 

This  report  measures  performance  by  the  time  taken  for  task  completion.  Although  accuracy 
must  be  quantified  for  certain  tasks,  the  Ml 98  tasks  listed  in  Section  4.1  (with  three  exceptions 
noted  in  Section  4.2.1)  are  all  well  characterized  by  their  time  to  completion.  These  tasks  have 
definite  endpoints  that  must  be  achieved  within  tolerance  before  the  fire  mission  can  proceed. 
Inaccuracies  or  errors  are  recognized  and  corrected  by  crewmembers  at  the  expense  of  additional 
time.  Therefore,  performance  level  on  a  task  is  well  represented  by  the  time  taken  to  do  the  task 
right. 

With  this  assumption,  performance  p  is  defined  as  the  task  time  ratio 

P  =  t^lt.  (6-1) 

where  the  nonnative  time  Iq  is  the  time  for  a  well  trained  crewmember  to  perform  the  task  when 
healthy  and  feeling  fine  and  t  is  the  time  taken  when  the  crewmember  is  stressed  or  ill.  The 
normative  times  used  in  this  report  are  the  baseline  times  with  crewmembers  in  BDU.  These 
baseline  times,  derived  from  the  regression  analysis  of  multiple  trials,  are  presented  and  di,scu.ssed 
in  Section  4.3.  With  this  definition,  performance  is  1.0  when  the  task  completion  time  is  equal 
to  the  baseline  time.  When  task  completion  time  lengthens  due  to  a  stressor  on  the  crewmember, 
performance  is  less  than  1.0.  In  the  extreme  case  that  the  crewmember  cannot  complete  the  task 
at  all,  t  is  infinite  and  performance  is  0. 

Since  a  task  completion  time  t  cannot  be  negative,  the  calculated  perfonnance  value  is  always 
positive  or  zero.  Performance  values  are  generally  less  than  or  equal  to  1;  however,  two  effects 
can  cause  performance  to  he  greater  than  1,  especially  for  single  measured  values.  First,  repeated 
measurements  of  the  completion  time  for  a  given  task  have  a  distribution  about  a  mean,  so  half 
of  the  sample  of  measurements  determining  the  baseline  time  will  be  always  be  faster  than  the 
mean.  Performance  values  calculated  for  this  half  of  the  trials  aie  greater  than  1  and  those 
calculated  for  the  other  half  are  less  than  1.  Under  mildly  stressing  conditions  with  mean 
performance  only  slightly  less  than  I,  .some  trials  may  still  be  faster  than  t.he  mean  of  the 
baseline  trials,  thereby  giving  performance  values  greater  than  1.0.  For  this  reason,  it  is 


important  to  keep  in  mind  the  standard  deviation  of  the  baseline  performance  distribution  when 
interpreting  performance  measurements  in  MOPP4. 

Second,  procedural  changes  (shortcuts)  by  crewmembers  in  MOPP4  may  result  in  task 
completion  times  shorter  than  normal.  It  has  been  reported  (Taylor  and  Orlansky,  1991)  that 
when  training  in  MOPP  gear,  individuals  and  crews  sometimes  learn  to  modify  procedures  to 
reduce  the  encumbrance  effects  of  the  protective  clothing.  When  heat  stress  is  minor,  these  task 
modifications  may  appear  as  improved  performance  relative  to  baseline. 

Analysts  use  a  variety  of  other  definitions  to  quantify  performance  changes  under  stressed 
conditions.  One  example  is  the  performance  decrement  factor  {pdf),  defined  as  the  multiplier  that 
produces  degraded  task  time  from  baseline  task  time: 

t  =  pdf-x  t„.  (6-2) 

The  pdf  is  the  inverse  of  task  performance  as  defined  in  Equation  6- 1 : 

pdf  =  r  /  to  =  1  /  p.  (6-3) 

Another  term  is  performance  degradation  dgr,  usually  taken  as  the  complement  of  performance, 
that  is. 


dgr  =  1  -  p.  (6-4) 

Both  performance  and  performance  degradation  are  frequently  expressed  as  percentages.  To 
confuse  the  matter  somewhat,  the  percent  increase  ipi)  in  task  time, 

pi  =  100  X  (pdf  -  1)  (6-5) 

is  occasionally  referred  to  as  percent  degradation.  To  complicate  the  issue  even  further,  Taylor 
and  Orlansky  (1993)  use  the  term  percent  time  degradation  Dj  defined  by 

Dy  -■  100  X  {t„  -  t)  /  t„  =  iOO  X  (I  -  pdf),  (6-6) 

which  is  the  negative  ol  pi.  The  user  of  performance  data  must  he  aien  for  changes  in  definition 
from  one  database  to  the  next. 
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All  performance  values  appearing  in  this  report  are  task  time  ratios  as  defined  by  Equation 
6- 1 .  Note  that  the  logarithmic  transfonnation  applied  to  performance  gives 


iog(p)  =  log(;o)  -  log(?). 


(6-7) 


Since  the  logarithm  of  the  task  time  is  normally  distributed  (see  Section  4.2.1),  so  is  the 
logarithm  of  performance. 

6.2.  TASK  PERFORMANCE  VS.  TIMi.  IN  MOPP4. 

Each  task  time  measured  with  ...ew  in  MOPP4  provides  a  calculated  performance  value.  This 
perfcr.iiance  is  presumably  a  function  of  several  explanatory  variables  such  as  time  in  MOPP4, 
task  repetition  number,  scenario,  crew  identity,  crew  size  at  the  time  of  measurement,  and 
ineteorolo  ry.  Only  time  in  MOPP4  is  considered  explicitly  in  the  following  analysis;  however, 
task  repetition  number  is  used  to  select  a  baseline  time  for  each  task  measurement  in  MOPP4. 

Let  /(7JV)  denote  the  completion  time  measured  In  a  given  scenario  (or  the  Mh  repetition  of 
i'  task  occurring  after  T  nours  in  MOPP4.  The  performance  calculated  from  tills  measurement 
is 


pn  =  fo(A0/t(?’.v). 


{6-S) 


where  is  the  baseline  c..!npletion  time  tor  the  Mh  repetition  of  the  task  in  3DU  (see  Table 
4-6). 

The  mode!  used  in  the  regression  analyses  of  perfomiance  versus  time  in  ]'vaOPP4  is 


y  =  Q  +  b  xT  +  e. 


(6-9) 


where  the  pa-ameters  a  a.id  b  arc  the  constant  and  slope,  respectively,  and  e  is  a  random  enor 
tcrui  assumed  to  be  m  anally  distributed  with  mean  value  0.  The  independent  variable  is  T  and 
.he  '■  r>e-  ,ent  variable  _v  is  log(p). 

L  t  the  three  special  cases  of  begin  set  deflection,  begin  set  elevation,  and  begin  reload 
discussed  m  .Section  4.2.1,  the  data  consist  of  delay  times  between  two  events  rather  than  task 
completion  times,  ik  r  ‘hese  cases,  performance  is  expressed  as  the  relat;  'e  delay  d,  that  is,  the 
additional  delay  in  '/IOPP-!  relative  to  BDU.  In  these  case-*'.  Equation  (6-8)  is  replaced  by 


diT)  = 


(6- lot 
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and  the  dependent  variable  for  the  regression  analyses  is  d  in  seconds. 

For  simplicity,  the  performance  data  from  all  crews  is  aggregated  for  the  regression  analyses 
presented  below.  However,  ANOVA  results  are  tabulated  to  show  whether  this  aggregation  is 
statistically  justified  and,  for  visual  reference,  the  data  plots  use  different  symbols  for  each  crew. 

As  discussed  in  Section  5,  when  a  crewmember  exceeded  predetermined  physiological  limits 
on  heat  strain,  he  was  removed  from  the  exercise  for  safety.  Performance  measurements  from 
the  exercise  represent  the  capability  of  crewmembers  with  heat  strain  less  than  the  exercise  limits. 
Therefore,  the  performance  results  presented  here  are  conditional;  that  is,  they  represent  the 
capabilities  of  a  crewmemoer  given  that  he  has  not  reached  the  specified  level  of  heat  strain. 

The  following  two  subsections  present  the  performance  data  and  regression  results  for 
MOPP4-S  and  MOPP4-R.  Each  subsection  presents  a  figure  for  each  task  with  the  regression 
line  and  a  plotted  symbol  for  each  performance  measurement.  In  addition,  each  subsection  has 
a  statistical  summary  in  tabular  form. 

6.2.1.  MOPP4  with  Standard  Crew  Positions. 

Figure  6-1  plots  performance  data  and  regression  analysis  for  the  relay  orders  task  with 
crewmembers  in  MOPP4  using  standard  crew  positions  (MOPP4-S).  Performance  measurements 
for  each  crew  are  distinguished  by  different  plotting  symbols  as  explained  in  the  legend  of  the 
figure.  The  regression  line  for  the  aggregate  crew  data  is  shown  in  two  ways:  1)  as  the  solid 
curve  plotted  in  the  figure  and  2)  as  the  predictor  equation  included  at  the  upper  edge  of  the  plot. 

The  regression  line  is  flanked  by  two  pairs  of  curves.  The  outer  pair  (dotted)  shows  the  68% 
confidence  band  from  the  regression  analysis.  In  additional  trials,  it  is  expected  that  68%  of 
single  performance  measurements  would  fall  inside  this  band.  The  inner  pair  (dashed)  shows  ±1 
standard  error  of  the  predicted  mean  performance  as  a  function  of  time  in  MOPP4  determined 
from  the  present  data  set. 

The  uncertainty  in  the  baseline  values  have  been  neglected  in  the  regression  analyses  of 
performance  since  the  standard  error  of  the  mean  for  the  baseline  predictions  is  .substantially 
smaller  than  the  spread  in  the  measured  task  completion  times  in  MOPP4,  For  reference,  the 
standard  deviation  of  the  BDU  measurements  and  the  standard  error  of  the  mean  are  plotted  as 
cands  about  the  baseline  perfoimance  (1.0)  in  Figure  6-1.  These  bands  may  be  used  to  help 
judge  the  statistical  significance  of  mea^,  'd  performance  degradation  in  MOPP4.  The  larger 
band  (the  standard  deviation)  shows  the  normal  variation  in  baseline  performance  and  provides 
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The  ordinate  in  Figure  6-1  is  a  linear  scale  of  performance.  Since  the  linear  regression 
analysis  involves  log(p),  the  regression  line  in  the  figure  is  curvilinear  with  an  asymmetric  68% 
confidence  band.  With  a  logarithmic  ordinate,  the  regression  line  would  be  straight  and  have  a 
symmetric  confidence  band. 

Figures  6-2  through  6--22  present  similar  information  for  the  remainder  of  the  Ml 98  howitzer 
crew  tasks  in  the  order  defined  in  Section  4  (see  Table  4-4).  Figure  6-2  presents  the  data  and 
analysis  for  begin  set  deflection.  Note  that  the  ordinate  is  linear  and  is  the  relative  delay  in 
seconds  as  discussed  regarding  Equation  6-10,  In  this  case  the  regression  line  is  straight  and  the 
confidence  band  symmetric.  Degraded  performance  for  relative  delay  is  associated  with  a  shift 
upwards  of  the  curve  relative  to  the  baseline  delay,  that  is,  degradation  corresponds  to  an  increase 
in  relative  delay.  The  same  is  true  for  Figures  6-6  and  6-18  covering  begin  set  elevation  and 
begin  reload,  respectively. 

Table  6-1  provides  a  statistical  summary  for  the  regression  lines  for  each  task  in  MOPP4-S. 
The  last  row  for  each  task  shows  the  Prob.  Value  of  F  for  the  ANOV^A  among  the  three  crews. 
If  this  value  is  less  than  0.05,  there  are  statistically  significant  differences  in  performance  among 
the  tliree  crews. 

6.2.2.  MOPP4  with  Regimented  Rotation  of  Crew  Positions. 

Figure  6-23  plots  performance  data  and  regression  analysis  for  the  relay  orders  task  with 
crewmembers  in  MOPP4  using  a  regimented  rotation  of  crew  positions  (MOPP4-R).  The  format 
and  content  of  the  figure  parallels  that  for  Figure  6-1  as  explained  in  Section  6.2.1.  Figures  6-24 
through  6-43  present  simdar  information  for  the  remainder  of  the  M198  howitzer  crew  tasks  in 
the  order  defined  in  Section  4  (see  Table  4-5).  The  ordinates  in  each  figure  are  performance 
except  for  Figures  6-24,  6-27,  and  6-39  which  plot  relative  delay  as  discussed  in  Section  6.2.1. 
Table  6-2  provides  a  statistical  summary  for  the  regression  lines  for  each  task  in  MOPP4-R.  The 
last  row  for  each  task  shows  the  Prob.  Value  of  F  for  the  ANOVA  between  Crews  2  and  3  (Crew 
1  did  not  conduct  a  scenario  in  MOPP4-R).  If  this  value  is  less  than  0.05,  ‘here  is  a  statistically 
significant  difference  in  performance  between  the  crews. 
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(striped)  and  standard  error  (cross-hatched)  of  baseiine  performance.  Task:  begin  set  deflection. 


DEFLECTION  :  i\/IOPP4  -  STANDARD 


standard  error  (cross-hatched)  of  baseline  performance.  Task:  set  deflection. 
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BEGIN  FIRST  LOAD  :  MOPP4  -  STANDARD 
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Figure  6-9  Performance  vs  time-in-MOPP4  with  standard  crew  positions.  The  regression  line  is  flanked  by  the  68% 

confidence  band  (dotted)  and  the  standard  error  of  the  mean  (dashed).  The  plot  includes  the  standard  deviation 
(striped)  and  standard  error  (cross-hatched)  of  baseline  perfcwmance.  Task:  begin  first  load. 


LOAD  PROJECTILE  :  MOPP4  -  STANDARD 
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(striped)  and  standard  error  (cross-hatched)  of  baseline  performance.  Task;  load  projectile. 


LOAD  FIRST  POWDER  :  MOPP4  -  STANDARD 
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confidence  band  (dotted)  and  the  standard  error  of  the  mean  (dashed).  The  plot  includes  the  standard  deviation 
(striped)  and  standard  error  (cross-hatched)  of  baseline  performance.  Task:  load  first  powder. 
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M0PP4 -  STANDARD 


Standard  error  (cross-hatched)  of  baseline  performance.  Task:  firj. 


BREECH  :  M0PP4  -  STANDARD 


SWAB  CHAMBER  ;  M0PP4  -  STANDARD 


CHECK  SIGHT  :  M0PP4  -  STANDARD 


(striped)  and  standard  error  (cross-hatched)  of  baseline  performance.  Task;  check  sight. 
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RELOAD  POWDER  :  MOPP4  -  STANDARD 
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Figure  6-19.  Perfc.Tnance  vs  time-in-MOFP4  with  standard  crew  positions.  The  regression  line  is  flanked  by  the  68% 

confidence  band  (dotted)  and  the  standard  error  of  the  mean  (dashed).  The  plot  includes  the  standard  deviation 
(striped)  and  standard  enor  (cross-hatched)  of  baseline  performance.  Task;  reload  powder. 
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standard  error  (cross-hatched)  of  baseline  performance.  Task:  last  open  bi  ech. 
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Striped)  and  standard  error  (cross-hatched)  of  baseline  performance.  Task:  swab  and  inspect. 
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DEFLECTION  :  MOPP4  -  ROTATING 


confidence  band  (dotted)  and  the  standard  error  of  the  mean  (dashed).  The  plot  includes  the  standard  deviation 
(striped)  and  standard  error  (cross-hatched)  of  baseline  performance.  Task:  set  deflection. 
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standard  error  (cross-hatched)  of  baseline  performance.  Task:  set  elevation, 


standard  error  (cross-hatched)  of  baseline  performance.  Task:  elevate  tube. 


BEGIN  FIRST  LOAD  :  MOPP4  -  ROTATING 


(striped)  and  standard  error  (cross-liatched)  of  baseline  performance.  Task:  load  projectile. 
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confidence  band  (dotted)  and  the  standard  error  of  the  mean  (dashed;.  1  he  plot  includes  the  standarc 
(striped)  and  standard  error  (cross-hatched)  of  baseline  performance.  Task:  lock  breech  and  prime. 


standard  error  (cross-hatched)  of  baseline  performance.  Task:  fire. 
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Figure  6-36.  Performance  vs  time-in-MOPP4  with  rotating  crew  positions.  The  regression  line  is  flanked  by  the  68% 

confidence  band  (dotted)  and  the  standard  error  of  the  mean  (dashed).  The  plot  includes  the  standard  deviation 
(striped)  and  standard  error  (cross-hatched)  of  baseline  performance.  Task;  open  breech. 
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log(performance)  =  -0.26948  +  0.05039  *  timeMOPP4 


RELOAD  :  MOPP4  -  ROTATING 


confidence  band  (dolled)  and  the  standard  error  of  the  mean  (dashed).  The  plot  includes  the  standard  deviation 
(striped)  and  standard  error  (cross-hatched)  of  baseline  performance.  Task:  begin  reload. 


RELOAD  POWDER  :  MOPP4  -  ROTATIN 


standaia  error  (cross-hatched)  of  baseline  performance.  Task:  reload  powder. 


D  INSPECT  :  M0PP4  -  ROTATING 


confidence  band  (dotted)  and  the  standard  error  of  the  mean  (dashed).  The  plot  includes  the  standard  deviation 
(striped)  and  standard  error  (cross-hatched)  of  baseline  performance.  Task:  swab  and  inspect. 


Table  6-!.  Statistical  summaries  by  task  for  M198  howitzer  crew  performance  vs.  time  in  MOPP4  with  standard  crew  positions. 


O) 

1 1 


VO 

o  ^ 

00 

00 

VO 

00 

tN 

O 

o 

W7 

s 

o 

s 

§ 

CN 

d 

d 

d 

d 

d 

d 

r*«.  1— 1 


'  <N 

— ‘  00 

CN 

r' 

"S3 

!  o 

o 

O 

■  d 

1 

d 

d 

»n  ^ 

Tf  00  VO 
—  V)  o 
'  “  00  o 

O  CN  <S 

odd 


C  cu 

’m  "33 


e  K 
2  3 


OJ 

M  3 


<N  Tj- 
VO  0^ 


^  cs 
»0  vfi  O 


(7s  ^  ^ 


S 

5 

d 

ON 


(N 

o 

o 


1 

o 

(ON 

1 

»o 

OH 

rj 

CN 

C 

1 

«— H 

On 

1 

VO 

“O 

1 

1 

in 

u 

1 

d 

d 

d 

W] 

1 

CN 

ON 

f<N 

Q 

1 

2 

m 

.S 

CD 

lU 

1 

t 

cs 

ON 

VO 

*& 

rn 

vq 

*4 

rn 

CN 

o 

(N 

O 

CN 

(N 

•n 

<N 

CN 

oo 

WM 

•i>H 

VO 

m 

(N 

»►! 

Cd 

ia 

AJ 

'O 

GO 

in 

T3 

it 

b. 

d 

d 

O 

T 

VO  ro 
O  00 


ON  ^  r* 
On  (N 
—  (N  VO 
VO  (N  vn 
o  o  o 
d  d  d 


>0  m  Q  Os 
VO  ^ 

'O  VO  ON 
^  vn 
o  o  — 
odd 


o 

fN 

d 


f- 

fn 


r- 

s 

d 


s 


00  \n 
VO  tn 
ON 
00 

d  d 


o 

Tf 

m 

m 

d 


fN 


m 

O 

d 


o  o 


00 

r- 

o 


v-> 
00 
r** 

CO 
CD 
d  CD 


00 

CN 

CN 

CN 

3 

00 

(ON 

r*^ 

00 

m 

m 

Tt 

CN 

VO 

Tt* 

m 

m 

O 

CN 

cn 

in 

r- 

On 

in 

S 

m 

m 

On 

8 

n 

n 

n 

On 

o 

O 

o 

o 

On 

O 

d 

d 

d 

1 

d 

d 

d 

d 

d 

d 

d 

(O 

CN 

, 

CN 

VO 

VO 

ON 

in 

rf 

s 

VO 

in 

in 

o 

ON 

o 

»n 

CN 

On 

in 

CN 

00 

o 

00 

00 

s 

o 

00 

rn 

r*^ 

vq 

o 

CN 

O 

o 

ON 

O 

in 

r-' 

d 

d 

d 

1 

d 

d 

o 

d 

d 

d 

CN 

CN 

ON 

VO 

oo 

cn 

o 

On 

Tf* 

NO 

rf 

VO 

CN 

ni 

r- 

m 

TT 

in 

(N 

rN 

»n 

cn 

o 

o 

in 

in 

m 

CN 

o 

CN 

8 

H-a 

O 

O 

00 

m 

CN 

m 

>n 

in 

m 

m 

'■'* 

d 

CN 

1 

CN 

1 

d 

d 

1 

d 

CN 

O 

VO 

CN 

cn 

s 

VO 

VO 

CN 

CN 

in 

CN 

VO 

On 

00 

in 

CN 

•*a 

in 

CN 

*d 

00 

d 

m 

8 

CN 

rn 

m 

o 

CN 

o 

cn 

o 

in 

o 

oo 

O 

CN 

d 

d 

d 

d 

d 

rn 

d 

d 

d 

cn 

(N 

o 

CN 

VO 

in 

ON 

n 

CN 

VD 

1 

m 

VO 

Os 

VO 

00 

m 

S 

1 

i 

CN 

VO 

m 

cn 

cn 

n 

VO 

1 

8 

VO 

o 

8 

m 

8 

CN 

s 

VO 

On 

CN 

o 

i 

d 

d 

d 

d 

d 

d 

d 

d 

d 

CN 

CN 

C'-l 

,  , 

Os 

TJ* 

o 

VO 

Tf 

r** 

cn 

o 

cn 

CN 

CN 

r- 

in 

ON 

in 

00 

o 

CN 

s 

CN 

in 

00 

On 

o 

(N 

s 

00 

8 

vq 

CN 

CN 

o 

o 

CN 

CN 

cn 

1— < 

d 

d 

t 

d 

d 

d 

d 

d 

d 

r- 

CN 

00 

f^i 

VO 

rf 

VO 

00 

VO 

m 

Cv 

? 

»n 

00 

o 

CN 

in 

cn 

O 

n 

00 

rn 

CN 

(N 

«— a 

On 

cn 

!£) 

ON 

cn 

On 

in 

o 

00 

in 

On 

"tf 

in 

00 

p 

m 

d 

d 

CN 

in 

d 

rn 

d 

d 

C- 

rS 

o 

CN 

VO 

ON 

* 

,  , 

o 

n 

00 

Ov 

in 

Tf 

m 

cn 

o 

C'- 

cN 

CN 

ON 

Mf 

N- 

ON 

in 

rn 

»n 

OO 

s 

m 

00 

$5 

o 

o 

o 

O 

tT 

o 

CN 

d 

d 

1 

d 

9 

d 

\ 

d 

9 

d 

cd 

'C 

cd 

> 

c 

1) 

■o 

c 


Q 


"O  ^ 


o 

>■ 

u 

(U 

(/} 

3 

or 

3 

CT 

co 

u- 

To 

E 

T3 

U 

Lh 

C4 

E 

o 

T3 

to 

> 

Ua 

to 

o 

U 

C/5 

tM 

o 

o 

E 

"55 

uu 

Vn« 

3 

CT 

(Jn 

4J 

-o 

c 

taa 

o 

O 

E 

3 

CO 

o 

■o 

ck 

(^ 

O 

Wh 

o 

3 

CO 

"cS 

3 

TD 

> 

3 

•o 

S 

t/j 

to 

<0 

Va 

£ 

■a 

> 

C 

«J 

E 

2 

w 

o 

H 

(/) 

lU 

DC 

■d 

55 

to 

Qc: 

3 

9r 

< 

Ih 

Ofi 

E 

3 

2 

Ua 

X) 

s 

Oa 

to 

C 

O 

u 

§ 

4i 

T3 

ig 

*o 

c 

cd 


o 

H 

33 


o  *- 

p3  O 


c 

e 

u 

c 

o 


o 

U 


o 

(L. 

3 

n 

> 

.13 

P 


< 

> 

o 

'Z, 

< 


vX) 


•  • 


Fable  6-1.  Statistical  summaries  by  task  for  M198  howitzer  crew  performance  vs.  time  in  MOPP4  with  standard  crew 

positions.(Continued) 
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ANOVA  Prob.  Value  of  F  O.OI  '2  0.00016  0.04192  \25727  0  00001  0.03302  0.00010  0.01690 


ANOVA  Prob.  Value  of  F  0.00026  0.08233  0.00000  C. 00000  0.06199  0.00005 


Table  6-2.  Statistical  summaries  by  task  for  Mi98  howitzer  crew  performance  vs.  time  in  MOPP4  with  regimented  rotation  of  crew 

positions. 
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ANOVA  Proh.  Value  of  F  0.61375  0.00007  0.08608  0.38904  0.15668  0.62890  0.05272 


Table  6-2  Siatist:ral  summaries  by  task  for  M198  howitzer  crew  performance  vs.  time  in  M0PP4  with  regimented  rotation  of  crew 

positions.  (Continued) 


SEC  TION  7 
DISCUSSION 


Analysis  of  pcrfoitnancc  in  this  volume  focuses  on  tasks  carried  out  by  individuals  or  by 
subgroups  of  the  M198  howitzer  crew  during  a  fire  mission.  Table  7-1  presents  a 
characterization  of  each  task  according  to  the  number  of  crewmembers  involved,  the  potential 
for  delay  in  task  completion  caused  by  delay  in  some  other  task,  and  the  level  of  human  ability 
demand  of  the  task.  Section  4  presents  detailed  descriptions  of  the  tasks. 

Tlic  majority  of  the  M198  tasks  require  only  one  crewmember.  Except  for  relay  orders  and 
fire,  the  tasks  involving  more  than  one  crewmember  are  pail  of  loading  the  howitzer.  The 
potential  for  ta.sk  interruption  is  listed  as  yes  (Y)  in  Table  7-1  if  the  crcwmember(s)  involved  are 
.sometimes  delayed  in  task  completion  by  waiting  for  completion  of  some  other  task.  The  task.s 
requiring  only  one  crewmember  and  not  generally  subject  to  task  interruption  (N)  provide  the 
nuwt  .suai[  htforward  interpretation  regarding  the  effects  of  MOPP4  on  individual  task 
performance. 

The  degree  of  degradation  of  task  peifonnancc  cau.sed  by  MOPP4  and  the  asstK'iated  heat 
stiess  depends  on  the  nature  and  difficulty  of  the  t;i.sk.  To  facilitate  examination  of  this  effect. 
Table  7-1  includes  ratings  of  demand  on  human  ability  by  each  ta.sk  according  to  a  .simple 
taxonomy  (Roth.  1992).  Tasks  have  been  rated  (Roth,  1992)  on  a  .seven-point  .scale  for  each  of 
the  five  huniun  abilities  or  taxons.  Ftir  example,  howitzer  loatling  tasks  generally  rank  highe.st 
in  physical  demand  and  Gunner  and  A.ssislant  Gunner  tasks  rank  highe.st  in  attention  and 
p.syciiomotor  demand.  Following  a  .summary  of  performance  degradation  re.sults,  this  ability 
demand  information  is  u.sed  to  compaie  ta.sk.s  grouped  according  to  peifonnancc  degradation 
results. 


7.1.  SUMMARY  OK  PERKOKMANCE  DEGRADATION  RESULTS. 

Table  7  2  .summarizes  two  major  aspects  of  mea.surcd  ta.sk  pcifoiTnancc  in  MOPP4  for  the 
Ml 98  howitzer  crews.  First,  whether  peironnancc  is  degraded  for  early  times  in  MOPP4  and, 
.second,  whether  pcrrormaiicc  ilegrade.s  significantly  with  increa.scd  time  in  MOPP4.  Answers 
to  both  of  the.se  questions  nui.st  be  viewed  with  caution,  keeping  in  mind  the  limitations  of  the 
experimental  procedures  and  the  per.sonnel  .safety  considerations.  Interpretation  and  caveats  ai  • 
di.scu.ssed  in  the  following  .sub.scctions. 


i*) 


'ft) 


»t) 


•  • 


111 


demand  increasing 


Table  7-2.  Early  degradation  and  change  with  time  for  M198  howitzer  task  performance. 

MOPP4-S  MOPP4-R 


Task 

Degraded 

Sign  of 

Degraded 

Sign  of 

• 

at  1  h? 

slope* 

at  1  h? 

slope* 

Relay  orders 

Y 

0 

Y 

0 

Begin  set  deneclion 

N 

o 

N 

0 

Set  deflection 

N 

o 

N 

0 

Traverse  tube  I 

N 

o 

• 

Traverse  tube  n 

Y 

+ 

Y 

0 

Begin  set  elevatfon 

N 

o 

* 

N 

c 

elevation 

N 

0 

N 

0 

Elevate  tube 

N 

0 

* 

N** 

• 

Begin  first  load 

Y 

0 

Y 

0 

Load  projectile 

Y 

- 

Y 

0 

Load  first  powder 

N 

o 

N 

Load  first  projo  and  pwdr 

N 

o 

N 

o 

Lock  breech  and  prime 

Y 

« 

Y 

Fire 

Y 

o 

Y 

0 

Open  breech 

N 

• 

Y 

0 

Swab  chamber 

Y 

Y 

• 

Check  sight 

Y 

0 

* 

N 

0 

Begin  reload 

Y 

o 

Y 

0 

Reload  powder 

Y 

- 

Y 

Reload  projo  and  pwdr 

Y 

Y 

• 

Last  open  breech 

N 

N 

0 

Swab  and  inspect 

N 

0 

N 

0 

•  • 


•Sign  of  slope  of  performance  versus  time  in  MOPP4  is  "o"  iiprobt  from  regression  analysis 
IS  >0.05,  that  is,  no  statistically  significant  slope.  Blank  entry  means  no  data  available. 

^e  symbol  highlights  a  difference  between  MOPP4-S  and  MOPP4-R. 

"The  regression  slope  is  actually  positive  for  this  delay  time,  but  corresponds  to  worsening 
performanct*.  ® 

The  performance  at  1  h  is  above  1 .0  for  this  task,  but  tlic  statistical  significance  is  marginal. 


o 


7.1.1.  Early  Degradation  --  the  Encumbrance  Effect. 

Encumbrance  effects  are  the  principle  cause  of  performance  degradation  when  environmental 
conditions  arc  cool  enough  that  heat  stress  is  negligible.  Even  in  a  warmer  environment.  Section 
5  shows  that  it  takes  time  for  heat  strain  as  measured  by  body  core  temperature  to  reach 
performance-degrading  levels  after  protective  clothing  is  donned.  Therefore,  for  a  period  of  time 
after  donning  MOPP4,  only  encumbrance  affects  performance. 

If  time  in  MOPP4  were  a  valid  measure  of  heat  strain  in  this  exercise,  then  the  regression 
analyses  presented  in  Section  6  would  separate  the  performance  degradation  due  to  heat  strain 
from  that  due  to  encumbrance  effects.  Specifically,  tlic  extrapolated  value  of  the  regression  lines 
at  zero  time  in  MOPP4  would  be  the  expected  degradation  from  encumbrance  effects. 

Unfortunately,  the  discussion  of  heat  stress  and  heat  strain  in  Section  5  shows  that  two  factors 
argue  against  this  extrapolation.  First,  the  ambient  temperature  and  humidity  were  not  constant, 
so  that  heat  stress  was  not  a  linear  function  of  time  in  MOPP4.  Second,  the  metabolic  work  rate 
of  the  crewmembers  was  not  constant.  For  example,  the  crews  conducted  emplacement  activities 
immediately  after  donning  MOPP4  and  then  paused  to  answer  a  questionnaire  before  beginning 
fire  missions.  In  addition,  fire  missions  were  intetrupted  by  the  road  march  for  resupply  and  by 
occasional  admini.stration  of  questionnaires  by  test  personnel. 

The  practical  approach  adopted  for  the  puqjoses  of  Table  7-2  and  this  discussion  is  to  examine 
the  "early"  performance  degradation  at  1  h  in  MOPP4  derived  from  the  regression  lines  presented 
in  Section  6.  Figures  6-1  and  6-23  show  that  the  average  time  in  MOPP4  at  the  beginning  of 
the  first  fire  mission  in  the  five  MOPP4  scenarios  was  about  1  h.  The  performance  degradation 
at  this  time  may  not  be  a  pure  encumbrance  effect;  however,  becau.se  ambient  temperatures  were 
lower  in  the  morning  and  because  heat  strain  takes  some  time  to  build  up,  the  cumulative  heat 
strain  at  1  h  is  significantly  less  than  for  the  later  fire  missions.  Therefore,  to  avoid  the 
uncertainty  of  extrapolating  to  zero  time  in  MOPP4,  the  early  performance  degradation  at  1  h  in 
MOPP4  is  used  as  the  indicator  of  the  level  of  performarcf.  c'ryradation  from  the  encumbrance 
of  MOPP4. 

The  deviation  from  baseline  of  the  early  performance  in  MOPP4  at  1  h  is  considered 
significant  if  a  r-test  of  the  null  hypothesis  (that  is,  no  deviation)  gives  a  probability  of  less  than 
0.05  of  obtaining  tlie  ob, served  deviation  at  random  in  the  absence  of  a  true  difference  between 
MOPP4  and  baseline  performance.  For  each  task  in  the  MCPP4-S  and  MOPP4-R  scenarios, 
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Table  7-2  answers  the  question  Degraded  at  1  h?  with  a  yes  or  no  (Y  or  N)  according  to  this 
criteria. 

Table  7-2  may  be  checked  visually  by  examining  Figures  6-1  through  6-43  at  1  h  in  MOPP4. 
Each  figure  includes  a  regression  line  for  performance  in  MOPP4  with  dashed  lines  representing 
the  standard  error  and  a  cross-hatched  band  centered  at  1.0  representing  the  standard  error  of 
baseline  performance.  Since  the  baseline  and  MOPP4  performances  have  similar  standard  errors, 
the  r-  test  will  show  a  significant  deviation  whenever  the  separation  between  MOPP4  performance 
and  baseline  exceeds  about  3  standard  errors. 

The  results  in  Table  7-2  for  encumbrance  are  about  equally  divided,  with  22  cases  showing 
a  significant  degradation  at  1  h  in  MOPP4  and  21  cases  showing  no  significant  degradation.  Of 
course,  a  null  result  (N)  does  not  prove  that  there  is  no  performance  degradation,  only  that  the 
degradation  is  smaller  than  car,  be  observed  with  this  data.  In  .summary,  12  of  the  22  tasks  listed 
in  Table  7-2  show  a  significant  early  performance  degradation  in  at  least  one  of  the  two  MOPP4 
scenarios. 


7.1.2.  Dependence  of  Degradation  on  Time  in  MOPP4. 

The  regression  analyses  of  performance  versus  time  in  MOPP4  as  presented  in  Section  6  test 
for  significant  change  in  performance  during  the  2  to  5  hour  period  of  the  fire  missions.  As 
discussed  in  Section  5,  the  analysis  of  performance  variations  with  respect  to  measures  of  heat 
stress  or  heat  strain  other  than  time  in  MOPP4  is  beyond  the  scope  of  this  report.  For  each  task, 
Table  7-2  shows  whether  a  significant  change  in  performance  is  observed  during  fire  missions 
for  each  task  by  listing  the  sign  of  the  slope  of  the  regression  line  of  log(performance)  versus 
time  in  MOPP4.  Statistical  data  for  the  slope.s  are  .summarized  in  Tables  6-1  and  6-2.  If  the 
prob  t  value  for  a  ta.sk  is  greater  than  or  equal  to  0.05,  the  measured  slope  is  statistically 
consistent  with  zero  and  "o"  is  entered  in  the  sign  of  slope  column  in  Table  7-2.  If  the  prob  t 
value  is  less  than  0.05,  the  .slope  is  statistically  significant  and  a  -h  or  -  is  entered  in  Table  7-2 
according  to  the  sign  of  the  slope. 

Of  the  43  measured  slopes,  28  arc  consistent  with  zero,  that  is,  no  measured  variation  of 
performance  over  the  fire  missions.  Of  the  remainder,  14  show  a  significant  worsening  of 
performance  with  time  in  MOPP4  and  only  one  task  .shows  improvement  in  performance.  The 
improving  performance  for  traverse  ttibe  II  occurs  for  MOPP4-S  and  not  hlOPP4-R.  It  i,> 
probably  an  artifact  of  the  task  definition,  which  included  a  wait  time  for  completion  of  elevate 
tube.  This  ta.sk  interaction  may  change  as  time  progresses  leading  to  an  apparent  improvement 
in  performance.  Of  course,  a  null  result  (o)  does  not  prove  the  absence  of  a  change  in 
performance  degradation,  only  that  the  change  is  too  small  to  be  ob.served  with  this  data.  In 
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summaiy,  10  of  the  22  tasks  listed  in  Table  7-2  show  a  significant  perfonnance^  degradation  with 
time  in  MOPP4  in  at  least  one  of  the  two  MOPP4  scenarios. 

7.U.  Caveats. 

The  primary  caveats  regarding  the  measured  variation  of  performance  with  time  involve  the 
removal  of  crewmembers  from  the  exercise  for  medical  safety.  As  discussed  in  Section  6,  this 
removal  means  that  the  measured  performance  values  are  conditional;  they  represent  the 
performance  of  crewmember .  who  have  not  exceeded  the  heat  strain  limits  imposed  for 
individual  safety.  Second,  as  crewmembers  were  removed,  there  weic  changes  in  crewmember 
assignments.  This  shifting  of  crew  positions  has  counteracting  effects.  Performance  may  be 
maintained  for  a  given  task  by  bringing  in  a  crewmember  with  less  heat  strain.  On  the  other 
hand,  performance  may  be  worsened  if  the  new  crewmember  is  less  experienced  with  the  task. 
Finally,  the  average  workload  per  crewmember  increases  as  the  size  of  the  crew  decreases.  The 
data  to  examine  these  effects  is  available  in  the  record  of  this  exercise  but  such  examination  is 
beyond  the  scope  of  this  report 

In  conclusion,  12  of  the  22  tasks  analyzed  in  this  effort  show  a  significant  performance 
degradation  from  the  encumbrance  of  MOPP4  and  10  of  22  tasks  show  a  significant  increase  in 
degradation  with  time  in  MOPP4. 

7.2.  TASK  GROUPING  BY  DEGRADATION. 

Table  7-3  groups  the  M198  howitzer  tasks  in  a  two-by-two  matrix  according  to  the  presence 
or  absence  of  performance  degradation  at  1  h  (representing  encumbrance)  and  the  presence  or 
absence  of  increa.scd  degradation  over  time  in  MOPP4.  Table  7-3  does  not  include  the  three 
delays,  begin  set  deflection,  begin  set  elevation,  and  begin  reload.  Also,  Table  7-3  omits  the 
check  sight  task  since  it  was  poorly  defined  during  data  collection.  Table  7-3  shows  the  number 
of  crewmembers  involved  in  each  task. 

The  majority  (13  of  22)  of  the  tasks  in  Table  7-2  show  agreement  between  the  results  for 
MOPP4-S  and  MOPP4-R  scenarios.  Those  that  disagree  are  highlighted  in  Table  7-2  with  an  ¥■ 
sign.  For  these  cases,  the  task  placement  in  Table  7-3  was  chosen  to  best  represent  a  con, sen;  is 
of  the  measuremenLs. 

Tasks  with  no  potential  for  intcnoiptiun  by  another  task  are  flagged  in  Table  7-3  with  an 
for  tasks  involving  only  one  crewmember  and  a  "+"  tasks  involving  more  than  one  crewmember. 
There  is  a  tendency  (5  of  9)  for  tasks  involving  one  crewmember  with  no  potential  for 
interruption  to  show  neither  perfoiTnance  degradation  at  1  h  nor  a  decrease  in  performance  over 
time  in  MOPP4.  Conversely,  there  is  an  even  stronger  tendency  (5  of  6)  for  tasks  that  .show  no 
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encumbrance  and  no  slope  to  be  tasks  performed  by  one  crewmember  with  no  potential  for 
interruption  by  other  tasks. 


Table  7-3.  Tasks  grouped  by  presence  or  absence  of  early  degradation  (encumbrance)  and 
slope  of  performance  over  time  in  MOPP4.  Task-averaged  human  ability  demands 
within  boxes  are  derived  from  Table  7-2;  number  of  crewmembers  involved  in 
each  task  is  in  parentheses. 


Steady  performance 
over  time  in  MOPP4 

Decreasing  performance 
over  time  in  MOPP4 

Performance  at 

1  h  in  MOPP4 
consistent  with 
baseline 

*  Set  deflection  (1) 

*  Traverse  tube  I  (1) 

*  Set  elevation  (1) 

Load  first  projo  and  powder  (4) 

*  Last  open  breech  (1) 

*  Swab  and  inspect  (1) 

Att  Per  Psy  Phy  Cog 

4.3  3.3  3.5  3.4  3.5 

Load  first  powder  (1) 

*  Elevate  tube  (1) 

Performance 
degraded 
significantly  at 

1  h  in  MOPP4 

+  Relay  orders  (6) 

Traverse  tube  11  (1) 

Begin  first  load  (3) 

+  Fire  (2) 

*  Open  breech  (I) 

Att  Per  Psy  Phy  Cog 

4.1  3.2  2.6  2.3  3.7 

+  Load  projectile  (3) 

*  Lock  breech  and  prime  (1) 

*  Swab  chamber  (1) 

Reload  powder  (1) 

Reload  projo  and  powder  (4) 

Att  Pci  Psy  Phy  Cog 

4.1  3.0  3.2  4.3  2.7 

*  Tasks  performed  by  one  crewmember  with  no  potential  interruption  by  other  tasks. 

+  Tasks  performed  by  more  tliari  one  crewmember  with  no  potential  intenuption  by  other  tasks. 


All  three  of  tlic  tasks  with  no  potential  for  interruption  and  involving  more  than  one 
crewmember  had  significant  degradation  at  1  h.  In  fact,  of  the  six  tasks  in  Table  7-3  that  involve 
more  than  1  crewmember,  five  show  significant  encumbrance  degradation,  As  another  indication, 
the  set  of  tasks  with  no  encumbrance  degradation  at  1  h  involve  an  average  of  1.4  crewmembers. 
On  the  other  hand,  tasks  that  arc  degraded  at  1  h  involve  an  average  of  2.3  crewmembers.  The 


implication  is  that  MOPP4  encumbers  Ml 98  crewmember  interaction,  causing  early  performance 
degradation  for  tasks  that  involve  more  than  one  crewmemper. 

The  number  of  crewmembers  required  for  a  task  seems  to  exert  less  influence  on  whctlier  or 
not  performance  degradation  increases  with  time  in  MOPP4.  The  average  number  of 
crewmembers  is  2.0  and  1.7,  respectively,  for  tasks  with  steady  performance  and  tasks  with 
decreasing  peiformance. 

Next,  the  four  groups  of  tasks  in  Table  7-3  are  examined  for  correlations  between  performance 
degradation  and  the  human  ability  demands  of  the  tasks.  To  this  end,  the  demand  on  each  ability 
is  averaged  over  the  task  groups.  The  upper  right  quadrant  in  Table  7-3  is  skipped  since  ability 
demand  ratings  are  available  in  Table  7-1  for  only  one  of  the  two  tasks  in  that  quadr.'int. 
Inspection  of  the  averages  (displayed  in  Table  7-3)  shows  that  the  strongest  correlation  involves 
whether  or  not  the  performance  decreases  with  time  in  MOPP4,  The  tasks  that  hi.i-e  steady 
performance  over  time  in  MOPP4  have  lower  physical  demand  and  higher  cognitive  demand  than 
the  tasks  for  which  performance  degrades  with  time  in  MOPP4.  Therefore,  decreasing 
performance  over  time  in  MOPP4  is  associated  with  higher  physical  demand. 

To  look  for  a  link  between  the  average  human  ability  demands  of  the  task  groups  and  the 
presence  or  absence  of  early  performance  degradation,  it  is  be.st  to  examine  the  data  for  tasks 
involving  only  one  crewmember  in  order  to  eliminate  the  influence,  of  crewmember  interactions 
noted  above.  The  average  demands  for  the  single  crewmember  tasks  with  no  early  encumbrance 
degradation  are  4.4,  3.3,  3.6,  2.8,  and  3.8  (ordered  as  in  Table  7-3).  The  averages  for  the  single 
crewmember  tasks  showing  early  encumbrance  degradation  are  4.0,  3.5,  3.2,  2.7,  and  3.3. 
Comparison  of  thc.se  two  sets  of  average  ratings  shows  that  t.tcumbrance  degradation  in  the 
Ml 98  data  for  single  crewmember  tasks  is  a.ssociated  with  an  increase  in  the  rated  demand  for 
only  one  of  the  five  human  abilities,  perception,  and  that  increase  is  small.  Apparently,  the 
encumbrance  of  MOPP4  for  individuals  acts  on  human  skills  not  well  resolved  by  die  five 
component  taxonomy  t)f  Roth  (1992). 

7.3,  INFLUENCE  OF  PRIMER  RACK. 

From  tfie  standpoint  of  analyzing  the  effect  of  MOPP4  on  performance,  the  introduction  of 
a  rack  to  hold  primers  for  the  convenience  of  the  No.  1  Cannonrrr  on  certain  missions  is  an 
extraneous  factor.  However,  the  primer  rack  did  not  seem  ->>  improve  performance  on  the  lock 
breech  and  prime  task. 

Crews  2  and  3  performed  their  MOPP4-S  scenarios  with  standa.d  primer  pa^redures  (without 
the  primer  rack)  but  performed  their  MOPP4-R  scenarios  with  the  primer  rack.  Since  there  were 
occasional  shifts  in  crew  position  during  the  MOPP4  .scenarios,  it  is  best  to  compaic  the  lock 


breech  aiid  prime  task  times  for  initial  fire  missions  in  each  scenario  in  order  to  compare  times 
for  the  same  No.  1  Cannoneer  with  and  without  the  primer  rack.  For  both  Crew  2  and  Crew  3, 
the  MOPP4-R  scenarios  were  performed  after  the  MOPP4-S  scenarios.  Therefore,  learning 
should  improve  the  times  on  the  MOPP4-R.  If  the  primer  rack  improves  performance,  then  both 
factors  would  improve  the  MOPP4-R  times  relative  to  MOPP4-S.  On  the  contrary,  MOPP4-R 
times  are  slower  than  the  MOPP4-S  times.  The  primer  rack  did  not  improve  the  overall  task  time 
for  the  lock  breecli  and  prime  task.  Also,  the  presence  of  the  primer  rack  does  not  alter 
conclusions  presented  in  this  Section  since  Table  7-2  shows  consistent  results  for  the  lock  breech 
and  prime  task  with  and  without  the  primer  rack. 
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The  data  in  this  report  provides  a  comprehensive  statistical  characterization  of  task 
pciformance  for  the  M198  howitzer  crew  in  both  BDU  and  MOPF4.  Table  7-3  shows  which 
tasks  arc  and  which  are  not  subject  to  encumbrance  degradation  by  the  MOPP4  protective  gear. 
In  addition,  it  shows  which  tasks  are  most  sU'ongly  affected  by  accumulating  heat  strain. 

Fire  mission  scenarios  in  MOPP4  were  conducted  with  standard  crew  positions  (MOPP4-S) 
or  with  rotating  crew  po.sitions  to  distribute  the  metabolic  work  load  among  crewmembers 
(MOPP4-R).  The  data  for  MOPP4-S  and  MOPP4-R  arc  presented  .separately  to  facilitate  future 
comparison  of  operational  effectiveness  of  the  alternate  procedures.  Such  comparison  is  not 
trivial  since  day-to-day  variations  in  meteorology  can  explain  a  substantial  pa^  of  the  variation 
in  tlie  number  of  fire  mi.ssions  completed  (determined  by  crew  attiition  from  heat  strain) 
independently  of  whether  the  scenario  was  MOPP4-S  or  MOPP4-R  (see  oicction  5).  H  lie  analysis 
of  relative  effectiveness  of  the  MOPP4-S  and  MOPP4-R  procedures  wo  require  time- 
dependent  modeling  of  ambient  mctcu  oiogical  conditions  and  metabolic  work  rate  of  tlie  crew. 

Considering  all  MOPP4  data,  12  of  22  M198  tasks  show  significant  encumbran  ~  degradation 
when  judged  by  perfonnance  on  the  first  fire  mission  of  each  day.  The  first  fire  mission  was 
typically  conducted  after  about  1  h  in  MOPP4.  Performance  degradation  at  this  -ime  is  an 
approximate  indicator  of  encumbrance  effects  since  heat  strain  accumulated  early  in  the  day  is 
much  less  than  that  during  subsequent  fire  mi.ssions.  Careful  analysis  of  the  time-dependent 
meteorological  conditions  and  the  recorded  physiological  data  would  be  required  to  extrapolate 
measured  performance  values  to  zero  li'"  .str-r  ;  thereby  extracting  an  improved  estimate  of 
encumbrance  degradation. 

Regression  analysis  of  pcrtbrmance  versus  tin in  MOPP4  shows  that  performance 
degradation  increases  with  time  in  MOPP4  for  10  of  22  tasks.  Tables  6-1  and  6-2  provide 
statistical  parameters  that  may  be  u.sed  to  model  task  performance  versus  time  in  MOPP4  for  the 
ambient  conditions  of  this  cxcrci.se.  Further  analy.si.s,  using  time-dependent  meteorological  data 
with  physiological  models,  would  pemit  generalization  to  other  ambient  conditions. 

Task  performance  results  in  MOPP4  are  analyzed  by  placing  the  Ml 98  tasks  in  four  groups 
(Section  7)  according  to  whether  each  ta.sk  shows  encumbrance  degradation  and  whether  it  shows 
incre,ising  degradation  with  time  in  MOPP4.  Examination  of  the  nature  of  the  M198  tasks  in 
'ach  group  leads  to  the  following  conclusions: 
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1. 

M19o  tasks  perfonned  by  a  single  crewmember  with  no  potential  for  interruption  (delay)  by 

• 
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another  task  are  least  likely  to  show  performance  degradation  from  MOPP4. 

• 

2. 

Ml 98  tasks  that  involve  more  than  one  crewmember  arc  more  likely  to  show  encumbrance 

• 

degradation  than  tasks  performed  by  a  single  crewmember. 

3. 

For  Ml 98  tasks,  the  likelihood  of  increasing  degradation  with  time  in  MOPP4  is  not  sensitive 
to  the  number  of  crewmembers  involved. 

i' 

4. 

The  M198  tasks  ior  which  performance  degrades  with  increasing  time  in  MOPP4  tend  to 
have  higher  physical  demand  and  lower  cognitive  demand  than  tasks  that  have  little  or  no 

1 

1 

increase  in  degradation. 
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'I’hc  richness  of  the  data  gathered  and  compiled  during  this  effort  enables  further  analyses. 

m 

Possibilities  arc: 

1 

1. 

Correlation  of  task  perfonnance  with  a  time-dependent  analysis  of  meteorological  conditions 

• 
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and  crewmember  metabolic  work.  rate. 

2. 

A  more  detailed  analysis  of  the  human  ability  demands  associated  with  performance 

• 

• 

degradation  from  MOPFA  encumbrance  and  heat  strain. 

•  ‘  ■  1 

3. 

U.SC  of  the  data  to  tiuppoit  development  of  methods  such  as  the  Task-Taxon-Task  (T*) 
methodology  for  generalizing  stre.ss  induced  performance  degradation  from  one  set  of  tasks 

• 
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to  another. 

4, 

Construction  and  validation  of  a  sequential  network  mode!  of  Ml 98  crew  operations. 

5. 

Examination  of  motivational  and  leadership  factors  through  con  elation  of  performance  with 

• 
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mood  questionnaire  d.ata  collected  by  other  researchers  during  the  exercise. 

Finally,  the  task  completion  times  presented  in  Appendix  C  arc  included  in  digital  form  on 

• 

the  3.5"  diskette  that  accompanies  this  report. 
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APPE^  mx  A 

EVENT  TIMELINES  FOR  EACH  FIRE  MISSION 


This  appendix  presents  event  timelines  S  ir  the  fire  missions  analyzed  in  this  volume.  Table 
A-1  explains  the  abbreviations  used  in  the  timeline  figures  in  terms  of  the  event  definihons  of 
Section  2.  Data  procc.ssing  methods  used  to  construct  these  tiuiclinc''.  are  described  in  Section 
3. 

Table  A-1.  Explanation  of  abbreviations  used  in  timeline  figures. 


Event  abbreviation  on  timelines 

Event  name  (from  Section  2) 

Orders 

keceive/call  out  fire  mission 

Set  Defl 

Set  deflection 

Travt.’se 

Traverse  tube/level  bubble 

Chk  Sight 

Check  sight  picture 

Set  Elev 

Set  quadrant  elevr.tum  (QE)  on  range  quadrant 

Elevate 

Elevate  tube/level  bubbles 

Dcprc.ss 

Depress  tube  for  hading 

Load 

Loud  start  (set  tray) 

Ram 

Ram  projectile 

Cls  Brch 

Close  breech;  prinw 

Safe  Chk 

Safety  check 

Standby 

Standby 

Fire 

Fire 

Opn  Brch 

/Ona»M  fyr’erjte'it/ftAje'eJ* 

In  the  timelines,  impulse  events  are  indicated  by  filled  Uiangles  and  the  durations  of 
cortinoous  events  are  indicated  with  horizontal  lines.  Measured  event  times  correspond  to  the 


lower  tips  of  the  mangles  and  to  the  vertical  hash  marks  at  cither  end  of  the  lines.  When  the 
Stan  or  end  time  of  a  continuous  event  is  missing  from  the  data  file,  the  available  endpoint  ir; 
plotted  with  a  filled  triangle. 

Fire  missions  from  10  August  1994  (the  first  day  of  the  exercise)  arc  excluded  from  analysis 
for  reasons  discussed  in  Volume  1  and  do  not  appear  in  this  appendix.  Also,  liigh  angle  fire 
missions  and  zone  and  sweep  fire  missions,  which  arc  analyzed  in  Volume  1  but  not  in  this 
volume,  arc  not  included  here. 

In  the  timeline  figures,  events  are  plotted  with  time  in  seconds  along  the  horizontal  axis. 
Table  A-2  provides  data  for  interpreting  these  times.  The  mission  scenario  began  each  morning 
with  an  order  to  "move  to  the  firing  point"  (see  Section  1  of  this  report  and  McClellan,  1992). 
Times  referenced  to  this  order  are  called  scenario  time. 

In  order  to  be  ready  to  record  event  times,  observers  had  to  start  their  data  logging  software 
prior  to  the  move  to  fmng  point.  At  startup,  the  software  recorded  the  computer  clock  time  and 
thereafter  recorded  event  times  as  time  elapsed  since  startup.  This  elapsed  tinic,  concctcd  to  the 
clock  of  Logger  No.  1  (as  discu.ssed  in  Section  3),  is  used  for  convenience  to  plot  timelines  in 
this  appendix.  Scenario  time  for  tlic  first  7  fire  missions  of  each  day’s  .scenario  may  be  derived 
from  the  elapsed  time  by  subtracting  the  recorded  time  of  the  "move  to  firing  point".  This  time 
is  listed  in  the  third  column  of  I'able  .K-2  as  the  morning  move  time. 

After  the  first  7  fire  missions  of  each  scenario,  the  crew  conducted  a  ro,\d  march  for  resupply. 
During  resupply,  observers  saved  tlicir  data  files  from  the  first  7  fire  missions  and  restarted  the 
data  logging  software,  thereby  establishing  a  new  origin  for  clap.sed  time  on  su’oscqucnt  fire 
mi.ssions,  Event  times  for  tlic  10  fire  missions  after  resupply  (Fire  Missions  8  through  17)  are 
plotted  in  tenns  of  this  new  elapsed  time.  Table  A-2  gives  the  time  by  which  the  second  .set  of 
elap.scd  times  is  offset  relative  to  the  first  .set  for  each  day.  The  time  is  lusted  in  the  fourth 
column  as  resupply  off.Ket.  Scenario  time,  (still  defined  relative  to  the  first  "move  to  firing 
ptnnl")  for  the  fire  mi.ssion.s  after  resupply  is  obtained  from  plotted  elapsed  time  by  adding  the 
resupply  ojjset  as  well  as  subtracting  the  morning  nufve  time. 

For  exercises  in  MOPP4,  accumulated  time  in  MOPP4  is  an  important  variable  fur  specifying 
heat  stress.  For  the  data  reported  here,  there  is  only  a  few  minutc.s  difference  between  .scenario 
time  and  time  in  MOPP4.  The  crews  went  from  MOPP2  to  MOPP4  at  the  holding  point  just 
before  the  first  "move  to  firing  point"  order  and  remained  in  MOPP4  during  resupply.  Table  A-2 
li.sts  the  time  taken  by  each  crew  to  go  from  MOPP2  to  MOPP4  as  well  as  the  elap.scd  time  from 
the  order  to  "go  to  MOPP4"  to  the  "move  to  the  firing  poin»". 


Table  A-2.  Various  reference  and  offset  times  (in  st  onds)  for  each  scenario. 


Date 

(1992) 

Crew 

Morning 

move 

time 

is) 

Resupply 

offset 

(s) 

Time  to  reach 

MOPP4  starting 
from  MOPP2 

(s) 

Time  between  "go  u> 
MOPP4"  and  first 
"move  to  firing  point" 

command  (s) 

12  Aug 

1 

610. 

- 

(not  measured) 

183.7 

14  Aug 

! 

2170. 

8904. 

(BDU) 

- 

17  Aug 

2 

32.32. 

1 1479. 

(BDU) 

-- 

19  Aug 

2 

4334. 

- 

124.3 

549.8 

21  Aug 

2 

3636. 

13049. 

167.1 

297.3 

24  Aug 

3 

3807 

15198. 

222.5 

280.2 

26  Aug 

3 

609. 

7772. 

(BDU) 

- 

28  Aug 

3 

1978. 

10912. 

i83.8 

233.7 
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Crew  1  -  Fire  Mission  3  -  Wednesday  (1 2  Aug  92) 
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Figure  A-1.  Crew  1  timelines  for  fire  missions  1  and  3  in  MOPP4-S. 
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Figure  A-2.  Crew  1  timelines  for  fire  missions  5  and  6  m  MOPP4-S. 
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Crew  1  •  Fire  Mission  7  >  Wednesday  (12  Aug  92) 
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Figure  A-3.  Crew  1  timelines  for  firemission  7  in  MOPF4-S. 
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Crew  1  -  Fire  Mission  2  -  Friday  (14  Aug  92) 
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Figure  A-4.  Crew  1  timelines  for  fire  missions  1  and  2  in  BDU. 
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Crew  1  -  Fire  Mission  4  -  Friday  (14  Aug  92) 
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Crew  1  -  Fire  Mission  6  “  Friday  (1 4  Aug  92) 
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Figure  A-5.  Crew  1  timelines  for  fire  missions  4  and  6  in  BDU. 
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Crew  1  -  Fire  Mission  8  -  Friday  (1 4  Aug  92) 


t— I  l— I  H  (— IH 


T  ▼  T 


e  • 


Cla  Brch 
Safs  Chk 
Standby 
Firs 

Opn  Brch 


H  hi  i - 1 


T  ▼  V 


V  ▼  V 


I  ime,  s 


Figure  A-6.  Crew  1  timelines  for  fire  missions  7  and  8  in  BDU. 
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Crew  1  •  Fire  Mission  10  -  Friday  (14  Aug  92) 
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Crew  1  -  Fire  Mission  11  -  Friday  (14  Aug  92) 


'I  III  .  „  ,  I  ,  — , - - - - - - - 1 

4800  4850  4300  4950  5000 

Time,  s 


Figure  A-7.  Crew  1  timelines  for  fire  missions  10  and  1 1  in  BDU. 
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Crew  1  -  Fire  Mission  1 2  -  Friday  <1 4  Aug  92) 
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Figure  A-8.  Crew  1  timelines  for  firemissions  12  and  13  in  BDU. 
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Crew  1  -  Fire  Mission  15  •  Friday  (14  Aug  92) 
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Figure  A-9.  Crew  1  timelines  for  fire  missions  14  and  15  in  BDU. 
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Figure  A-10,  Crew  1  timelines  for  fire  missions  16  and  17  in  BDU. 
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Crow  2  >  Firo  MIstion  1  -  Monday  (17  Aug  92) 
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Figure  A-i  1  Crew  2  timelines  for  fire  missions  1  and  3  in  BDU. 
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Crow  2  •  Fire  Mission  6  -  Monday  (1 7  Aug  92) 


Ordara  h— 

- 1 

Sat  DafI  T 

Travaraa  i 

- 1 

Chk  Sight 

1 

Sat  £lav  t 

Elavata 

1 - , 

Dapraaa 

Load 

▼ 

Ram 

V 

Cla  Brch 

, — 1 

Safa  Chk 

1 - 1 

Standby 

▼ 

FIra 

▼ 

Opn  Brch 

101 50 

10200 

II  I 


I - H 


10250 
Time,  s 


10300 


10350 


#1 


Figure  A  12.  Crew  2  timelines  for  Fire  missions  4  and  6  in  BUU. 
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Craw  2  -  Fire  Mission  8  -  Monday  (1 7  Aug  92) 
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Figure  A- 13.  Crew  2  timelines  for  fire  missions  7  and  8  in  BDU, 
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Figure  A- 14.  Crew  2  timelines  lor  fire  missions  9  and  1 1  in  BDU. 
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Craw  2  -  Fire  Mission  1 2  -  Monday  (17  Aug  92) 
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Crew  2  » Fire  Mission  1 3  -  Monday  (1 7  Aug  92) 
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Figure  A-15.  Crew  2  timelines  for  fire  missions  12  and  13  in  BDU. 
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Crew  2  •  Fire  Mission  15  -  Monday  (17  Aug  92) 
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Figure  A-16.  Crew  2  timelines  for  fire  mi  sions  14  and  15  in  BDU. 
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Figi're  A-17.  Crew  2  timelines  for  fire  mission  16  in  BDU. 
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Figure  A- 18.  Crew  2  timelines  for  fire  missions  1  and  2  in  MOPP4-S. 
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Figure  A- 19  Crew  2  timelines  for  fire  missions  4  and  6  in  MOPP4-S. 
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Figure  A-20.  Crew  2  timelines  for  fire  missions  1  and  3  in  MOPP4-R. 
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Figure  A-21.  Crew  2  timelines  for  fire  missions  5  and  6  in  MOPP4-R. 
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Figure  A-22.  Crew  2  timelines  for  fire  missiuns  7  and  8  in  MOPi  d  -R. 
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rigure  A-23.  Crew  2  tin'''Jines  for  fire  missions  9  and  10  in  MOPP4-R. 
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Figure  A-24.  Crew  2  timelines  for  fire  missions  12  and  13  in  MOPP4-R, 
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Figure  A-25.  Crew  2  timelines  for  fire  missions  14  and  15  in  MOPP4-R. 
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Figure  A-26, 


Crew  2  limclines  for  fire  missions  16  and  17  in  MOPP4-R. 
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Figure  A-27,  Crew  3  timelines  for  fire  missions  1  and  2  in  MOPP4-S. 
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Figure  A-28.  Crew  3  timelines  for  fire  missions  4  and  6  in  MOPP4-S. 
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Figure  A-29.  Crew  3  timelines  for  fire  missions  7  and  8  in  MOPP4-S. 
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Figure  Al-30.  Crew  3  timelines  for  fire  missions  1  and  3  in  BDU. 
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Figure  A-3]  Crew  3  timelines  tor  fire  missions  4  and  6  in  BDU, 
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Figure  A-32.  Crew  3  timelines  for  fire  missions  7  and  8  for  BDU. 
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Figure  A-33.  Crew  3  timelines  for  fire  missions  9  and  11  in  BDU. 


A-36 


Ordtra 

S«tD*fl 

TravwrM 

Chk  Sight 

S*t  El«v 

EI«vato 

Dapnwa 

Load 

Ram 

Cla  Brch 

Safa  Chk 

Standby 

Flr« 

Opn  Brch 


59S0 


Crew  3  -  Fire  Mission  1 2  -  Wednesday  (26  Aug  92) 


I - 1 

▼ 


▼ 

V 


▼  ▼  f  ▼ 

V  ▼  T  f 

M  H  I— I  H 

— I 

▼  ▼  ▼  V  ▼ 

▼  V  T  V  ▼ 


6000 


6050 
Time,  s 


61 00 


Ordara 

SatOafI 

Travaraa 

Chk  Sight 
Sat  Elav 
Elevate 
Oep  caa 
Load 
Ram 
Cla  Brch 
Safe  Chk 
Standby 
FIra 

Opn  Brch 


Crew  3  -  Fire  MisslonIS  -  Wednesday  (26  Aug  92) 


▼ 

▼ 


T 

▼ 


▼ 

T 


o350 


6400  6450 

Time,  s 


61  50 


6500 


Figure  A-34.  Crew  3  timelines  for  fire  missions  12  and  13  in  BDU> 
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Figure  A-35.  Crew  3  timelines  for  fire  missions  14  and  15  in  BDU. 
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Figure  A-36.  Crew  3  timelines  for  fire  missions  16  and  17  in  BDU. 
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Figure  A-37.  Crew  3  timelines  for  fire  missions  1  and  3  in  MOPP4-R. 
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Figure  A-38.  Crew  3  timelines  for  fire  missions  5  and  6  in  MOPP4-R. 
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Crew  3  -  Fire  Mission  8  -  Friday  (28  Aug  92) 
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Figure  A-39,  Crew  3  timelines  for  fire  missions  7  and  8  in  MOPP4-R. 


A-42 


•  e  «  m  ^ 


a 


O 


Crew  3  -  Fire  Mission  9  -  Friday  (28  Aug  92) 
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Figure  A-40.  Crew  3  timelines  for  fire  mission  9  in  MOFP4-R. 
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APPENDIX  B 

COMMENTS  RECORDED  BY  DATA  LOGGERS 


This  appendix  contains  a  compilation  of  handwritten  notes  taken  by  all  data  loggers 
during  each  day  of  the  exercise.  Comments  arc  unedited  and  are  listed  by  fire  mission  (FM)  with 
occasional  comments  before  or  between  fire  missions.  Self  reporting  of  mistakes  made  by  data 
loggers  were  utilized  in  the  reconciliation  and  reduction  of  data  but  are  not  included  here.  The 
comnients  listed  here  concern  procedural  variations,  mistakes,  or  situations  encountered  by  crew 
members  that  may  influence  task  performance  times.  Reference  to  these  comments  will 
sometimes  explain  unusual  times  appearing  in  the  reduced  data.  Specific  crewmembers  are 
referred  to  by  number  (see  Table  1-6);  for  example,  #10  is  the  Chief  of  Section  of  Crew  I. 


Jtri 


DATE:  Wed  8/12/92  POSTURE:  MOPP4-S  CREW:  1 

Troops  arrive  about  KXX)  hrs. 

A  lot  of  waiting  on  geodetics  (safety  people). 

Sit  in  shade  to  answer  questionnaires. 

Finish  questionnaire  (most  of  them)  stay  in  shade. 

Crew  called  out  of  shade  (by  Section  Chief). 

FM  1  -  Projectile  tray  was  tardy  once. 

FM  2  -  Gunner  did  not  check  sight  between  every  round. 

FM  3  -  Projectile  tray  late  on  last  two  rounds. 

Three  guys  on  projectile  tray  arc  slowing  down. 

FM  4  -  Safety  delay;  confusion  on  quadrant. 

Long  delay  loading  round  1 . 

Delay  was  to  re-fu?e  the  projectile;  had  wrong  fuze  becau.se  were  not  expecting 
a  high  angle  mission 
Sight  not  checked  often  between  rounds. 

Elevated  to  initial  position  for  loading,  then  elevated  to  firing  elevation. 

Gunner  left  position  first  2  or  3  rounds.  #1  filling  in  and  checking  sights. 

FM  5  -  Late  powder  1st  round.  (New  RTO,  sounds  faster.) 

Gunner  (?)  getting  powder. 

Delay  w/charges. 
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FM  6 


On  the  last  round  loader  lost  a  few  seconds  because  he  couldn’t  find  lanyard. 


Troops  visibly  tired. 

Sitting  on  trails  of  howitzer. 

#19  spjffcring;  checked  out  by  the  Chief  of  Section. 

FM  7  -  New  charge  (5)  -  late. 

Gunner  has  been  taking  the  deflection  off  of  the  Gun  Display  Unit  (GDU). 


DATE:  Fri  8/14/92  POSTURE:  BDU  CREW:  1 
Loader  using  new  primer  rack  today  for  first  time. 

FM  1  -  Standby  called  before  loader  fired  with  primer. 

FM  2  -  No  comment. 

FM  3  -  Long  eievation  -  started  from  low  position. 

Gunner  depressing  tube,  Assistant  Gunner  elevating. 

FM  4  -  Powder  late  most  shots. 

Late  standby,  late  with  powder. 

Safety  check  screwed  up  by  safety  man. 

■Waiting  for  powder  man  on  3rd  round. 

Powder  often  holding  up  firing. 

Gunner  depressed  tube. 

Difficult  to  tell  between  checking  site  and  Uaverse  tube.. 

FM  5  ■  Initial  elevation  paused  for  loading. 

Gunner  depresses  tube,  AG  eiv  vates. 

FM  6  -  Some  confusion  during  safety  check. 

Section  Chief  called  "standby"  prematurely. 

Standby  called  twice  on  round  #1. 

FM  7  -  No  comment. 
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FM  8  - 


Crew  not  ready  for  fire  mission;  rough  start. 

Early  safety  check. 

Round  3  -  trouble  closing  breech. 

Standby  called  before  loader  finished  with  primer. 

Elevation  overlaps  with  safety  check.  Long  time  to  elevate  and  check  bubbles. 
Loader  trouble  with  the  last  primer. 

FM  9  -  No  comment. 

FM  10  -  Once  waited  on  ammunition. 

Last  round  was  late  getting  to  breech. 

FM  1 1  -  No  comment. 

FM  12  -  One  late  response  by  loader  to  fire  command. 

FM  13  -  No  comment. 

FM  14  -  No  comment. 

FM  15  -  No  comment, 

FM  16  -  No  comment. 

FM  17  -  Lost  lanyard  on  round  #3.  (Delay  in  fuzing.) 

DATE:  Mon  8/17/93  POSTURE:  BDU  CREW:  2 
Loading  primers  from  box,  not  rack. 

FM  1  3  misfires;  last  had  most  delay,  pull'^d  lanyard  three  times. 

Hang  fire  on  last  round  (6th). 

FM  2  -  Hang  fire  (misfire)  again  (delay  fire). 

Fire  command  may  be  off  -  firing  is  Lagging  behind  lanyard. 

Elevated  tube  twice. 

Depressed  tube  twice  on  round. 


FM  3  - 


A  couple  of  misfires. 

3  of  5  rounds  delay  in  firing. 


.iStJilLl 
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FM  4  '  Delay  continuing  in  firing. 

Lanyard  not  being  pulled  correctly. 
Elevate  tube  twice  for  high  angle. 
Depress  tube  twice  on  Round  3. 

FM  5  -  No  comment. 


1'^ 

r; ' 
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Note:  Gunner  does  not  significantly  move. 
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FM6  - 

Misfires  are  still  a  problem, 

3rd  round  -  delay  of  several  seconds  from  misfires. 

Standby  to  fire  should  show  effect. 

• 

FM  7  - 

No  comment. 

« 

■i 

FM  8  - 

Misfire  on  the  first  round;  replace  powder  and  primer. 

' .  i 

>■ 

FM  9  - 

No  comment. 

L-V 

FM  10  - 

Powder  delay  on  round  1 .  Dropped  powder  in  water  puddle. 

• 

• 

FM  11  - 

Double  elevation  of  tube  for  1st  round. 

i.1 

FM  12  - 

No  comment. 

• 

... 

FM  13  - 

No  comment. 

• , 

FM  14  - 

No  comment. 

■  ■  ■ , 

FM  15  - 

■...ate  powder  round  #1. 

• 

FM  16  - 

No  comment. 

1 

m 

■  ¥ 

DATE: 

Wed  8/19/92  POSTURE:  MOPP4-S  CREW;  2 

FM  1  - 

Projectile  was  late  on  round  1. 

Different  gunner  than  Monday. 

• 

;y- 

FM  2  - 

Trouble  getting  projectile  on  last  round. 

•  • 
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FM  3  -  Powder  slow  1st  round. 

Elevates  twice  for  1st  round  of  high  angle  mission. 

Check  fire  before  1st  round:  Approx.  10  min. 

Depressed  tube  twice  for  2nd  ro«>''d. 

Range  called  check  (hold)  fire  10  min.;  removed  powder  from  breech,  no 
primer.  Medivac  flight  across  raii^  ;. 

FM  4  -  7  man  crew.  Loader  going  after  powder  each  time. 

A  lot  of  delay  for  second  bag. 

FM  5  -  Loader  still  going  for  powder. 

Crew  chief  (#20)  is  helping  with  both  powder  and  tray. 

Elevated  twice  for  1st  round. 

FM  6  -  Mission  came  in  while  crew  still  on  way  to  gun  from  taking  questionnaire. 

Loader  still  going  for  powder,  not  on  tray. 

DA'^E:  Fri  8/21/92  POSTURE:  MOPP4-R  CRE,W:  2 

Loader  using  primer  rack.  First  time  for  this  crew. 

FM  1  -  Ist  round  elevated  twice  for  high  angle. 

2nd  round  -  some  sort  of  hold  up. 

Several  drinking  water, 

FM  2  -  3rd  round  was  not  rammed  properly. 

Slow  powder,  fiddling  with  breech. 

Trouble  opening  breech  1st  time  or  2nd. 

Trouble  with  the  breech,  also,  needed  .second  ram  probably  third  round. 

Trouble  with  the  breech  the  2nd  time. 

FM  3  •-  No  comment. 

FM  4  -  1st  round  elevated  twice  for  high  angle. 

Difficulty  sealing  primer  1st  round. 

Rammers  have  mislaid  ram  twice  so  far,  today. 

Tray  does  not  siaii  inovjrig  until  end  cf  depression,  unlike  first  crew  who  moved 
right  up. 


FM  5 


No  comment. 


FM  6  -  Could  not  get  brtcch  open  the  first  time,  (new  loader  -  #24) 

FM  7  -  Loader  is  #25  this  time. 

Long  J  (close  and  prime)  corresponds  to  uncertainty  on  part  of  loader  about 
whether  primer  latch  was  seated  OK.  At.  tually  was  OK  in  normal  time. 

FM  8  -  Disorganized  at  start.  Gunner  is  #26. 

FM  9  -  Voice  FDC  -  iiistrumcni  down,  delay  due  to  Sgt  Thompson  about  10  sec. 

Delay  to  check  instrumentation.  Back  on! 

FM  10  -  Needed  2  rams  to  seat  one  round  (4th). 

FM  11  -  1st  round  elevation  screwed  up  -  395  corrected  to  396. 

Unsure  loader  regarding  close  and  prime. 

Ran  out  of  primers  -  had  to  get  the  last  one  out  of  box. 

FM  12  -  Delay  to  get  helmets  just  before  standby  1st  round. 

Gunner  doing  AG  job;  AG  is  ammo  humper. 

FM  13  -  Firing  times  lengthen  out  -  time  taken  getting  the  powder  bag  into  breech. 

FM  14  -  No  comment. 

Crew  members  now  prone  on  backs  in  shade  between  missions. 

FM  15  -  1st  powder  charge  late. 

Still  very  slow  loading  powder. 

Verbal  commands  among  cannoneers  are  f^ding,  going  to  "autopilot". 

FM  16  -  No  comment. 


FM  17  - 


No  comment. 
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DATE:  Mon  8/24/92  POSTURE:  MOPP4-S  CREW:  3 
No  primer  rack. 

FM  1  -  #2  round  fell  out  of  breech,  needed  second  ram. 

Assistant  Gunner  not  using  GDU  to  get  QE,  waiting  for  verbal  command. 

FM  2  -  Loader  is  #36, 

Was  a  delay  after  "fire  mission"  before  orders  called  out  —  unknown  origin. 

FM  3  -  Sgt  Thompson  called  away  for  phone  call. 

Crew  delayed  momentarily,  then  resumed  action  before  he  returned. 

FM  4  -  Sloppy  start  to  mission,  no  apparent  reason. 

2nd  round  had  loose  powder  wrapping. 

3rd  round  -  instructing  powder  man  on  wrapping. 

Dropped  primer  on  3rd. 

FM  5  -  No  comment. 

FM  6  -  Loader  is  now  #38.  Opening  new  box  of  '••nn»ers. 

Trouble  with  prim  ^  latch  on  1st  round. 

The  loader  fiddling  around,  couldn’t  tell  if  finished  priming  for  2nd  ro».  ’d. 
#36  was  ammo  humper  this  time. 

FM  7  -  No  comment. 

FM  8  -  Loader  is  #38.  Unwrapping  primers  individually  during  close  breedi/prime. 
No  Assistant  Gunner  -  QE  being  done  by  Gunner. 

FM  9  -  Slow  ram  was  real. 


ifc  ife  j((  i(c  ^  ifc  i|c ^  ^  •*(  >*<  *  ♦  *  *  ♦  4c  i|c  ]fc  i(c  4c  4c  *  It:  4:  %  #  *  it  4: 4  ^  }fci(c 

DATE:  Wed  8/26/92  POSTURE:  BDU  CREW:  3 
No  primer  rack. 

FM  1  -  Loug  close  breech/prime  interval  was  trouble  seating  primer 
FM  2  -  #36  is  Loader. 
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FM  3  - 


No  comment. 


Sgt.  Thompson  motivating  this  crew. 

FM  4  -  Good  data,  fast  mission. 

FM  5  -  No  comment. 

FM  6  -  No  comment. 

FM  7  -  No  comment. 

FM  8  -  #36  is  Loader. 

Check  tire;  boat  down  range,  crew  standing  in  hot  sun. 

FM  9  -  Projectile  crew  sharp. 

Powder  is  lagging. 

FM  10  -  Bad  primer  -  safety  check. 

FM  1 1  -  No  comment. 

FM  12  -  No  comment. 

Powder  tent  collapses. 

FM  13  -  No  comment. 

Fixing  powder  tent. 

FM  14  -  No  comment. 

FM  15  -  Powder  slow  1st  time. 

FM  16  -  No  comment. 

FM  1 7  -  Did  not  swab  bore  after  last  round.  Crew  was  rushing  to  a  fault. 


(?) 


•  • 
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DATE:  Fri  8/28/92  POSTURE:  MOPP4-^R  CREW:  3 

Use  primer  rack  today. 

Instrumentation  (orders)  problem. 

FM  1  -  #36  is  Loader. 

FM  2  -  Loaders  holding  back  until  gun  depressed. 

FM  3  -  #39  is  leader;  mission  had  ragged  start,  crew  members  bickering. 

FM  4  -  #35  is  Loader.  Loader  had  to  rewrap  last  powder  bag,  then  had  trouble  loading 

it  because  gun  was  already  at  high  angle. 

FM  5  -  #37  is  Loader. 

FM  6  -  #38  is  Loader. 

FM  7  -  #33  is  Loader 

Cannot  find  lanyard  once. 

Double  ram  was  real;  1st  one  weak. 

Some  rotations  work  better  than  others  because  of  variations  in  performance  and  procedure 
among  crew  members. 

FM  8  -  #39  is  Loader. 

Ammo  crew  slow  last  round. 

Breech  not  closed  properly,  causing  difficulty  seating  primer  the  last  time. 
Gunner  doing  both  deflection  and  elevation. 

FM  9  -  Tv/o  rams  were  because  1st  was  weak.  2nd  was  good. 

Gunner  doing  both  deflection  and  elevation. 

Gunner  elevated  tube  twice. 


APPENDIX  C 

RESULTS  OF  TASK  TIME  ANALYSES 

This  appendix  presents  a  full  set  of  figures  and  tables  showing  the  analysis  of  task 
completion  times  mcasi.’ during  the  Ml 98  howitzer  fue  missions.  Re.sulLs  are  presented  in  the 
order  of  the  task  definitiotis  gi\cn  in  Section  4. 1  with  all  crew  postures  grouped  together  for  each 
task. 

For  each  task  and  each  crew  posture,  there  is  a  set  of  two  figures  and  two  tables.  The 
first  figure  in  each  set  shows  crew-by-ercw  plots  of  measured  task  completion  times  and  the 
second  figure  shows  the  data  aggregated  across  all  crews.  Each  plot  includes  a  regres.sion  line 
with  a  68%  confidence  band.  The  first  table  in  each  set  provides  a  statistical  summary  from  the 
regression  analyses  of  task  times  and  the  second  table  shows  an  analysis  of  variance  (ANOVA) 
across  the  crews.  These  figures  and  tables  follow  analytical  procedures  and  formats  similar  to 
tliose  developed  in  Volume  1  for  the  analysis  of  time  to  first  round  and  time  between  rounds. 
Details  for  this  appendix,  including  the  choice  of  independent  variable  for  the  various  plots  and 
regression  analyses,  are  discussed  in  Section  4.2  of  this  volume. 

Table  C-0  provides  a  guide  to  the  pages  in  this  appendix  that  contain  tlie  figures  and 
tables  for  each  task  with  crew  in  each  posture. 

The  data  points  plotted  in  the  figures  come  from  task  time  data  files  derived  from 
reconciled  event  data  as  illustrated  in  Figure  3.1.  Outlier  data  points  (discussed  in  Section  4.2.3) 
are  shown  in  the  single  crew  plots  as  solid  circles.  These  outliers  are  not  included  in  regression 
analyses  or  in  the  ANOVA  and  are  not  included  in  the  crew  aggregate  plots  or  in  subsequent 
performance  calculations. 

The  figures,  regression  analyses,  and  ANOVA  arc  generated  with  the  AXUM'‘'m  data 
analysis  software. 

The  measured  task  completion  times  shown  in  the  crcw-by-crew  plots  of  this  Appendix 
are  included  as  digital  files  on  the  3.5"  diskette  that  accompanies  this  report.  Outliers  are 
included  in  the  data  files.  The  README.TXT  file  includes  the  task  time  limits  from  Table  4-2 
for  .separating  outliers.  'Fhe  scenario  for  each  task  completion  data  point  is  the  start  time  for  each 
ta.sk  within  the  scenario. 


A 


•  • 


™AXUM  is  a  regi,stered  Uadernark  of  TriMetrix,  inc.,  Seattle  v'ashington. 
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Table  C-0.  Location  of  figures  and  tables  for  each  task.  Note  that  page  numbers  are 
tabulated,  not  figure  and  table  numbers. 


Task  numbers  in  this  appendix 

BDU  MOPP4-S  MOPP4-R 


Figures  Tables 

Figures  Tables 

Figures 

Tables 

Relay  orders 

C-3,4 

C-5 

C-6.7 

C-8 

C-9,10 

C-11 

Begin  set  deflection 

C-12,13 

C-i4 

C-l.';.16 

C-1? 

C-18.19 

C-20 

Set  deflection 

C-21.22 

C-23 

C-24.25 

C-26 

C-27,28 

C-29 

Traverse  tube 

C-30,31 

C-32 

C-33.34 

C-35 

C-36,37 

C-38 

Begin  set  elevation 

C-39,40 

C-tl 

C-42.43 

C-44 

C-45,46 

C-47 

Set  elevation 

C-48.49 

C-50 

C-5 1.52 

C-53 

C-54,55 

C-56 

Elevate  tube 

C-57.58 

C-59 

C-6Q,61 

C-62 

C-63,64 

C-65 

Begin  first  load 

C-66.67 

C-68 

C-69.70 

C-71 

C-12,13 

C-74 

Load  projectile 

C-75.76 

C-77 

C-n,79 

C-80 

C-81,82 

C-83 

Load  first  powder 

C-84.85 

C-86 

C-87.88 

C-89 

C-90.91 

C-92 

Load  first  projo  and  pwdr 

C-93,94 

C-95 

C-96,97 

C-98 

C-99.100 

C-101 

Lock  breech  and  prime 

C- 102, 103 

C-104 

C-105,106 

C-1 07 

C- 108, 109 

C-1 10 

Fire 

C-111,112 

C-113 

C-114.115 

C-1 16 

C-117,118 

C-119 

Open  breech 

C-120,121 

C-122 

C-.123.124 

C-1 25 

C-1 26, 127 

C-1 28 

Swab  chamber 

C- 129, 130 

C-131 

C- 132. 133 

C-1 34 

C-135,136 

C-1 37 

Check  sight 

C-138,139 

C-140 

C-141,142 

C-1 43 

C-144.145 

C-146 

Begin  reload 

C-147.148 

C-149 

C- 150,151 

C-1 52 

C-1 S3, 154 

C-1 55 

Reload  powder 

C-156,157 

C-158 

C-159.160 

C-161 

C- 162, 163 

C-164 

Reload  projo  and  pwdr 

C- 165,166 

C-167 

C- 168, 169 

C-1 70 

C-171,172 

C-173 

Last  open  breech 

C-174,175 

C-176 

C-177,178 

C-1 79 

C-180.i81 

C-1 82 

Swab  and  inspect 

C-183.184 

C-185 

C- 186, 187 

C-1 88 

C-1 89, 190 

C-191 

•  • 


RELAY  ORDERS:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 


RELAY  ORDERS,  ALL  CREWS:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 


Aggregate  task  time  data  with  regression  line  for  relay  orders  in 
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Table  C-1.  Statistical 

summary'  for  relay  orders  with  crews  in  BDU 

• 

• 

9..'> 

Crew  J 

Crew  2 

Crew  3  Aggregate 

U'l 

Mean  of  Dependent  Variable 

1.47757 

1.36253 

1.33901 

1.39515 

i: 

Number  of  Observations 

14 

13 

13 

40 

..‘••A,... 

Total  Sum  of  Squares 

.0.5594 

.03942 

.01926 

.26452 

4r 

Residual  Sum  of  Squ.ves 

.04315 

.02098 

.01861 

.23740 

*» . 

Std.  Dev.  of  Estimate 

.05997 

.04368 

.04114 

.07904 

V  • 

R-squared 

.22858 

.46162 

.03365 

.10251 

\ 

Adjusted  R-squared 

.16430 

.41922 

-.05419 

.07889 

• 

TU, 

i 

Degrees  of  Freedom  (dO 

12 

11 

11 

38 

J 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

-i 

F(K-1,  dD 

?.55577 

9.66178 

.38310 

4.34029 

"i-'v 

Prob.  Value  of  F 

.08377 

.00995 

.54855 

.04400 

,  -iy; 

• 

; 

Constant 

1.53811 

1.47234 

1.35306 

1.44627 

•  "a: 

Stardard  error 

.03588 

.03735 

.02541 

.02754 

.  1  '• 

Slope 

-.02411 

-.03905 

-.00535 

-.00547 

Standard  error 

.01279 

.01256 

.00865 

.00262 

• 

t-ratio 

-1.88568 

-3.10834 

-.61895 

-2.08334 

prob  t 

.08377 

.00995 

.54855 

.04400 

Correlation  Coefficient 

-.47810 

-.68382 

•.I8^tt5 

-.32017 

• 

• 

See  Section  4  foi  di.scussion  of  regression  equations 

p.;id  units. 

Table  C-2.  ANOVA  for  relay  orders  with  crews  in  BDU. 

• 

Sum  Sq 

DF 

Mean  Sq 

■ 

Crew 

.14990 

p 

.11461 

*•„  f , 

■ 

EiTor 

.07495 

37 

0031f^ 

Mean  of  Dependent  Variable 

1.39515 

Number  of  Ob.servauons 

40 

Total  Sum  of  Squares 

.2'  152 

i 

Residual  Sum  of  Squares 

.11361 

Std.  Dev.  of  Esiimate 

.05566 

R-squared 

.j6670 

'■"■X 

Adjusted  R-squared 

.54328 

• 

*’■>  ' 

r 

Decrees  of 

Freedom  (dO 

1 

Number  of  Ind  Vars  (K) 

.3 

A  ‘*1 

”, 

KK-l,  df) 

24,19.578 

V  ■'■‘-V'-- 

Prob.  Value  of  F 

,00(XX) 

■J 

• 

C-5 

«  i 

• 

’  .  4 

'  A','  ■ 

'  -.".I'A 

•T*  . 

» 

V  w 

9 

9 

9 

9 

9  o 

9 

•-  ■  *  .  * 

RELAY  ORDERS:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


CREW  1 

log(task  time)  =  1.63012 
1 
1 

1  -  0.07604  * 

1 

i 

lime 

i 

1 

1 

1 

■V:: 


12  3  4 

Time  in  MOPP4,  h 

;  CREW  2  log(task  time)  =  1 .44913  +  0.10516  *  time 


Time  in  MOPP4,  h 


CREW  3  log(task  time)  =  1 .63210  -  0.00757  *  time 


2  3  4 

Time  in  MOPP4,  h 


Figure  C-3.  Task  limes  with  regres.sion  lines  for  relay  orders  in  MOPP4-,S 


ggregate  task  time  data  with  regression  line  for  relay  orders  in  MOPP4-S 


Table  C-3.  Statistical  summary'  for  relay  orders  with  crews  in  MOPP4-S. 


Mean  of  Dependent  Variable 

Crew  I 
1.51586 

Crew  2 
1.58029 

Crew  3 
1.61219 

Aggregate 

1.57747 

Number  of  Observations 

3 

4 

5 

12 

Total  Sum  of  Squares 

.00143 

.02012 

.00267 

.04166 

Residual  Sum  of  Squares 

.00012 

.01350 

.00225 

.03904 

Std.  Dev.  of  Estimate 

.01101 

.08216 

.02739 

.06249 

R-squared 

.91509 

.32884 

.15593 

.06269 

Adjusted  R-squared 

.83018 

-.00674 

-.12543 

-.03104 

Degrees  of  Freedom  (dO 

1 

2 

3 

10 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-l,  df) 

10.77712 

.97991 

.55420 

.66885 

Prob.  Value  of  F 

.18824 

.42656 

.51062 

.43251 

Constant 

1.63012 

1.44913 

1.63210 

1.55065 

Standard  error 

.03538 

.13872 

.02941 

.03743 

Slope 

-.07604 

.10516 

-.00757 

.01421 

Standard  error 

.02316 

.10623 

.01016 

.01737 

t-ratio 

-3.28285 

.98990 

-.74445 

.81783 

prob  t 

.18824 

.42656 

.51062 

.43251 

Correlation  Coefficient 

-.95660 

.57344 

-.39488 

.25038 

‘See  Section  4  for  discussion  of  regression  equations  and  units. 


o 


•  O 


Table  C-4.  ANOVA  for  relay  orders  with  crews  in  MOPP4-S. 


Sum 

DF 

Mean  Sq 

.01745 

2 

.02421 

.00872 

9 

.00269 

Mean  of  Dependent  Variable 

1.57747 

Number  of  Observations 

12 

Total  Sum  of  Squares 

.04166 

Residual  Sum  of  Squares 

.02421 

Std.  Dev.  of  Estimate 

.05186 

R-squared 

.41881 

Adjusted  R-squared 

.28966 

Degrees  of  Freedom  (dO 

9 

Number  of  Ind  Vars  (K) 

3 

F(K-1,  df) 

3.24280 

Prob.  Value  of  F 

.08698 

C-8 


O 


RELAY  ORDERS,  CREWS  2  AND  3:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


Aggregate  task  time  data  with  regression  line  for  relay  orders  in  MOPP4-R. 


Table  C-5.  Statistical  summaiy'  x'cr  relay  ■:--ders  with  crews  in  M0PP4-R. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Depende.;t  Variable 

No  Data 

1.49725 

1.51912 

1.50454 

Number  of  Obseivations 

14 

7 

21 

Total  Sum  of  Squares 

.18778 

,24169 

.43170 

Residual  Sum  of  Squares 

.17221 

.17735 

.43159 

Std.  Dev.  of  Estimate 

.11980 

.18833 

.15072 

R-squared 

.08291 

.26622 

.00021 

Adjusted  R-squared 

.00648 

.11947 

-.05235 

Degrees  of  .Freedom  (df) 

12 

5 

19 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

1.08485 

1.81404 

.00516 

Prob.  Value  of  F 

..■?1815 

.23585 

.94347 

Constant 

1,42859 

1.68715 

1.50864 

Standard  error 

.07329 

.14.363 

.06580 

Slope 

.01721 

-.079>n 

-.00122 

Standard  error 

.01652 

.05902 

.01694 

t-ralio 

1.04156 

-1.34686 

-.07185 

prob  t 

.31815 

.23585 

.94347 

Correlation  Coefficient 

.28794 

-.51.597 

-.01648 

'See  Section  4  for  discussion  of  regression  equations  and  units 


Table  C-6.  ANOVA  for  relay  orders  with  crews  in  MOPP4-R. 


Sunt  Sq 

DF 

Mean  Sq 

.00223 

1 

.42947 

.00223 

19 

.02260 

Mean  of  Dependent  Variable 

1.50454 

Number  of  Ob.servations 

21 

Total  Sum  of  Squares 

.43170 

Residual  Sum  of  Squares 

.42947 

Std.  Dev,  of  Estimate 

.15035 

R-squared 

.00517 

Adjusted  R-squared 

-.04719 

Degrees  of  Freedom  (df) 

19 

Number  of  Ind  Vars  (K) 

2 

F{K-1,  df) 

.09871 

Prob.  Value  of  F 

.75680 

C-1 


o 


9 


BEGIN  SET  DEFLECTION,  ALL  CREWS:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 


"M- 

Table  C-7.  Statistical  summary'  for  legin 

set  deflection  with  ciew's  in  BDU. 

Crew  7 

Crew  2 

Crew  5 

Aggregate 

Mean  of  Dependent  Variable 

6.13500 

5.00182 

9.38286 

6.45594 

'■  ,rt 

Number  of  Observations 

14 

11 

7 

32 

i'.,  -? 

Total  Sum  of  Squares 

95.84334 

57.42476 

44.24994 

282.18710 

Residual  Sum  of  Squares 

86.01369 

33.27636 

34.70349 

242.52820 

(  ‘W 

Std.  Dev.  of  Estimate 

2.67728 

1.92286 

2.63452 

2.84329 

i  '■■  '  ! 

R-squared 

.10256 

.42052 

.21574 

.14054 

■  ^ 

Adjusted  R-squared 

.02777 

.35614 

.05889 

.11189 

Degrees  of  Freedom  (dD 

12 

9 

5 

30 

f 

Number  of  Ind  Vars  (K) 

2 

2 

2 

1  ' 

r  ■  ■■ 

F(K-1.  df) 

1.37136 

6.53123 

1.37543 

4.90570 

Prob.  Value  of  F 

.26431 

.03091 

.29371 

.03451 

i  >  '■' 

;?•••  • 

} 

Constant 

4.45638 

.92208 

13.58725 

4.17601 

V,.  ^ 

■■  •  .J 

Standard  error 

1.60209 

1.69839 

3.72068 

1.14553 

■<>  ^ 

Slope 

.66358 

1.53953 

-1.20705 

.23015 

i  AK 

Standard  error 

.57093 

.60241 

1.02922 

.10391 

t-ratio 

1.17105 

2.55563 

-1.17279 

2.21488 

\ 

.....  ;, 

S  ■ 

prob  t 

.26431 

.03091 

.29371 

.03451 

{  ■■ 
’  „  ^ 
■\ 

Correlation  Coefficient 

.32025 

.64848 

-.46448 

.37489 

;'  -m 

j. 

•  ■'■ 

>  . 

‘See  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-8.  ANOVA  for  b  -gin  set  deflection  with 

crews  in  BDU. 

\^n 

Sum  Sq 

DF 

Mean  Sq 

Crew 

84.66911 

2 

197.51800 

Error 

42.33455 

29 

6.81097 

« 


Mean  of  Dependent  Variable 

6.45594 

Number  of  Observations 

32 

Total  Sum  of  Squares 

282.18710 

Residual  Sum  of  Squares 

197.51800 

Std.  Dev.  of  Estimate 

2.60978 

R-squ-vred 

.30005 

Adjusted  R-squared 

.25177 

Degrees  of  Freedom  (dO 

29 

Number  of  Ind  Vars  (K) 

3 

F(K-1,  dO 

6.21564 

Prob.  Value  of  F 

.00567 

C-14 


•  • 
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m 


e 


9 


•  • 


9 
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BEGIN  SET  DEFLECTION:  yOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 

5 

t  CREW  1  delay  time  =  -7.74 1 74  +  9. 1 2055  *  time 


2  3  4 

5 

6 

Time  in  MOPP4,  h 

• 

. . . . . 

:  CREW  3 

delay  time 

=  -6.46721  +  8.62412  *timi 

• 

.  .  i  . 

Time  in  mOPP4,  h 

Figure  C-9.  Task  times  with  regression  lines  for  begin  set  deflection  in  MOPP4-S, 


•  • 


BEGIN  SET  DEFLECTION,  ALL  CREWS:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


Aggregate  task  time  data  with  regression  line  for  begin  set  deflection  in  MOPP4-S. 


Table  C-9.  Statistical  summary'  for  begin  set  deflection  with  crews  in  MOPP4-S. 


Crew  I 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

9.06250 

9.45333 

10.30500 

9.46889 

Number  of  Observations 

4 

3 

2 

9 

Total  Sum  of  Squares 

30.87508 

58.87546 

40.59005 

132.40010 

Residual  Sum  of  Squares 

11.67998 

47.66978 

.00000 

101.89070 

Std.  Dev.  of  Estimate 

2.41661 

6.90433 

.00000 

3.81521 

R-squared 

.62170 

.19033 

1.00000 

.23043 

Adjusted  R-squared 

.43255 

-.61934 

.00000 

.12050 

Degrees  of  Freedom  (df) 

2 

1 

0 

7 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-1,  df) 

3.28684 

.23507 

2.09603 

Prob.  Value  of  F 

.21152 

.71260 

.19094 

Constant 

-7.74174 

.70163 

-6.46721 

3.62607 

Standard  error 

9.34736 

18.48565 

4.23137 

Slope 

9.12053 

8.28020 

8.62412 

3.64410 

Standard  error 

5.03074 

17.07825 

2.51705 

t-ratio 

1.81296 

.48484 

1.44777 

prob  t 

.21152 

.71260 

.19094 

Coirelation  Coefficient 

.78848 

.43627 

1.00000 

.48003 

'See  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-IO,  ANOVA  for  begin  set  deflection  with  crews  in  MOPP4-S. 


Sum  Sq 

DF  Mean  Sq 

2.05950 

2  130.34060 

1 .02975 

6  21.72343 

Mean  of  Dependent  Variable 

9.46889 

Number  of  Observations 

9 

Total  Sumi  of  Squares 

132.40010 

Residual  Sum  of  Squares 

130.34060 

Std.  Dev  of  Estimate 

4.66084 

R-squared 

.01556 

Adjusted  R-squared 

-.31259 

Degre..  of  Freedom  (df) 

6 

Number  of  Ind  Vars  (K) 

3 

F(K-1.  df) 

.04740 

Prob.  Value  of  F 

.95406 

«> 


o 


•  •  •  • 


• 


•  • 


C-I7 


Figure  C-1 1.  Task  times  with  regression  lines  for  begin  set  deflection  in  MOPP4-R. 


EJEGIN  SET  DEFLECTION,  CREWS  2  AND  3:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


Table  C-1 1.  Statistical  summary'  for  begin  set  deflection  with  crews  in  MOPP4-R, 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

No  Data 

6.95444 

4.10250 

6.07692 

Number  of  Observations 

9 

4 

13 

Total  Sum  of  Squares 

22.90602 

30.51147 

75.94127 

Residual  Sum  of  Squares 

18.66914 

30.17866 

70.30456 

Std.  Dev.  of  Estimate 

1.63310 

3.88450 

2,5281  1 

R-squared 

.18497 

.01091 

.07422 

Adjusted  R-squared 

.06854 

-.48364 

-.00994 

Degrees  of  F.*eedom  (dO 

7 

2 

11 

Number  of  Ind  Vai's  (K) 

2 

2 

2 

F(K-1,  df) 

1.. 58862 

.02206 

.88193 

Prob.  Value  of  F 

.24791 

.89556 

.36784 

Constant 

5.85783 

4.63895 

5.01214 

Standard  error 

1.02631 

4.10121 

1.33311 

Slope 

.33671 

-.20643 

.34861 

Standard  error 

.26714 

1.38999 

.37122 

t-ratio 

1.26041 

-.14851 

.93911 

prob  t 

.24791 

.89556 

.36784 

CoiTelalion  Coefficient 

.43008 

-.10444 

.27244 

'See  Section  4  for  discussion  of  regression  equations  and  units. 


Table  C-12.  ANOVA  for  begin  set  deflection  with  crews  in  MOFP4-R. 


Sum  Sq 

DF 

Mean  Sq 

j  Crew 

22.52378 

1 

53.41749 

Error 

22.52378 

11 

4.85613 

p 

Mean  of  Dependent  Variable 

6.07692 

Number  of  Observations 

13 

k 

Total  Sum  of  Squares 

75.94127 

Residua)  Sum  of  Squares 

53.41749 

1 

Std.  Dev.  of  Estimate 

2.20366 

1 

R-squared 

.29659 

i 

1 

Adjusted  R-squared 

.23265 

Degrees  of  Freedom  (dD 

11 

Number  of  Ind  Vars  (K) 

2 

F(K-1,  df) 

4.63821 

Prob.  Value  of  F 

.05430 

jm 


e  »  •  • 


i 


% 

I-  % 

fl'l/ 


i 


m 


. . 


Task  time, 


DEFLECTION,  ALL  CREWS:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 


Aggregate  task  time  data  with  regression  line  for  set  deflection  in  BDU 


Table  C-13.  Statistical  summaiy'  for  set  deflection  with  crews  in  BDU. 


Crew  1 

Crew  2 

Crew  J 

Aggregate 

Mean  of  Dependent  Variable 

.72354 

.75248 

.72316 

.73191 

Number  of  Observations 

11 

10 

13 

34 

Total  Sum  of  Squares 

.27715 

.12725 

.27940 

.68979 

Residual  Sum  of  Squares 

.25922 

.11748 

.26063 

,68376 

Std.  Dev.  of  Estimate 

.16971 

.12118 

.15393 

.14618 

R-squared 

.06468 

.07676 

.06718 

.00874 

Adjusted  R-squared 

-.03925 

-.03864 

-.01763 

-.02223 

Eiegrees  of  Freedom  (df) 

9 

8 

11 

32 

Number  of  Ind  Vais  (K) 

2 

2 

2 

2 

F(K-1,  df) 

.62232 

.66518 

.79214 

.28224 

Prob.  Value  of  F 

.45046 

.43834 

.39250 

.59891 

Constant 

.79412 

.67092 

.64805 

.70770 

Standard  error 

.10307 

.10710 

.09457 

.05201 

Slope 

-.03128 

.03130 

.02838 

.00273 

Standard  error 

.03965 

.03838 

.03189 

.00515 

t-ratio 

-.78888 

.81558 

.89002 

.53126 

prob  t 

.45046 

.43834 

.39250 

.59891 

Correlation  Coefficient  -.25431  .27706 

See  Section  4  for  discussion  of  regression  equations  and  units. 

.25918 

.09350 

Table  C-14.  ANOVA  for  set  deflecdon  with  crews  in  BDU. 

Sum  Sq 

DF 

Mean  Sq 

Crew 

.00600 

2 

.68379 

Error 

.00300 

31 

.02206 

Mean  of  Dependent  Variable 

.73191 

Number  of  Observations 

34 

Total  Sum  of  Squares 

.68979 

Residual  Sum  of  Squares 

.68379 

Std,  Dev,  of  Estimate 

,14852 

R-squared 

.00869 

Adjusted  R-squared 

-.05526 

Degrees  of  Freedom  (dO 

31 

Number  of  Ind  Vars  (K) 

3 

F(K-1,  df) 

.13593 

Prob,  Value  of  F 

.87342 

SET  DEFLECTION:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


•  CREW  1 

log(task  tin 

ie)  =  1.32394 

-  0.39266  • 
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Figure  C-15.  Task  times  with  regression  lines  for  set  deflection  in  MOPP4-S. 
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DEFLECTION,  ALL  CREWS:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


Table  C-15.  Statistical  sununary'  for  set  deflection  with  crews  in  MOPP4-S, 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dejjcndent  Variable 

.64985 

1.04566 

.89894 

.8.3700 

Number  of  Observations 

5 

3 

5 

13 

Total  Sum  of  Squares 

.10981 

.02115 

.06809 

.52396 

Residual  Sum  of  Squares 

.02333 

.00104 

.01621 

.46136 

Std.  Dev.  of  Estimate 

.08819 

.03218 

.07351 

.20480 

R-squared 

.78754 

.95101 

,76193 

.11950 

Adjusted  R-squared 

.71672 

.90203 

.68257 

.03946 

Degrees  of  Freedom  (df) 

3 

1 

3 

11 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-1,  df) 

11.12041 

19.41377 

9.60126 

1.49292 

Prob.  Value  of  F 

.04456 

.14208 

.05335 

.24730 

Constant 

1.32394 

.67485 

1.12204 

.97024 

Standard  error 

.20595 

.08619 

.07915 

.12296 

Slope 

-.39266 

.34997 

-.08453 

-.06940 

Standard  error 

.11775 

.07943 

.02728 

.05680 

t-ratio 

-3.33473 

4.40611 

-3.09859 

-1.22185 

prob  t 

.04456 

.14208 

.05335 

.24730 

Correlation  Coefficient  -.88744  .97520 

See  Section  4  for  discussion  of  regression  equations  and  units. 

-.87289 

-.34569 

Table  C-16  ANOVA  for  set  deflection  with  crews  in  MOPP4-S. 

Sum  Sq 

DF 

Mean  Sq 

Crew 

.32493 

1 

.19905 

Error 

.16246 

10 

,01991 

Mean  of  Dependent  Variable 

.83700 

Number  of  Observations 

13 

Total  Sum  of  Squares 

.52398 

Residual  Sum  of  Squares 

,19905 

Std.  Dev.  of  Estimate 

.14109 

R-squared 

.62012 

Adjusted  R-squared 

..54414 

Degrees  of  Freedom  (df) 

10 

Number  of  Ind  Vars  (K) 

3 

F(K-1,  df) 

8.16191 

Prob.  Value  of  F 

.00791 

DEFLECTION,  CREWS  2  AND  3:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


e  C- 1 8.  Aggregate  task  time  data  with  regression  line  for  set  deflection  in  MOPP4-R 


Table  C-17.  Statistical  summary'  for  set  deflection  with  crews  in  MOPP4-R. 


Crew  I 

Crew  2 

Crew  3 

Mean  of  Dependent  Variable 

No  Data 

.69181 

.84600 

.74000 

Number  of  Observations 

11 

5 

16 

Total  Sura  of  Squares 

.26309 

.12295 

.46716 

Residual  Sum  of  Squares 

.26290 

.02831 

.46767 

Std.  Dev.  of  Estimate 

.17091 

.09713 

.18277 

R-squared 

.00074 

.76979 

.00020 

Adjusted  R-squared 

-.11029 

.69305 

-.07122 

Degrees  of  Freedom  (df) 

9 

3 

14 

Number  of  Ind  Vars  (K) 

2 

2 

F(K-1.  df) 

.00669 

10.03153 

.00274 

Prob.  Value  of  F 

.93659 

.05059 

.95902 

Constant 

.68418 

.61190 

.74378 

Standaid  error 

.10664 

.08573 

.08551 

Slope 

.00216 

.12766 

-.00126 

Standard  eiror 

.02637 

.04031 

.02403 

t-ratio 

.08180 

3.16726 

-.05231 

prob  t 

.93659 

.05059 

.95902 

Correlation  Coefficient 

.02726 

.87738 

-.01398 

See  Section  4  for  discussion  of 

regression  equations  and  units. 

Table  C  18.  ANOVA  for  set  deflection  with  crews  in  MOPP4-R. 

Surti  Sq 

DF 

Mean  Sq 

Crew 

,08172 

1 

.38605 

Error 

.08172 

14 

.02757 

Mean  of  Dependent  Variable 

.74000 

Number  of  Observations 

16 

Total  Sum  of  Squares 

,46776 

Residual  Sum  of  Squares 

.38605 

Std.  Dev,  of  Estimate 

.16606 

R-squared 

.17469 

.Adjusted  R-squared 

.11574 

Degrees  of  Freedom  (df) 

14 

Number  of  Ind  Vars  (K) 

2 

F(K-1.  df) 

2.96341 

Prob.  Value  of  F 

.10718 

C-29 


TRAVERSE  TUBE:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 
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Figure  C-19.  Task  times  with  regression  lines  for  traverse  tube  in  BDIJ. 


TRAVERSE  TUBE,  CREWS  2  AND  3:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidenc  e  band) 


Aggregate  task  time  data  with  regression  line  for  traverse  tube  in  BDU. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

,69054 

1.24750 

1.26820 

1.25933 

Number  of  Observations 

14 

9 

12 

21 

Total  Sum  of  Squares 

.24364 

.04905 

.18339 

.23464 

Residual  Sum  of  Squares 

.23305 

.04487 

.18175 

.23349 

Std.  Dev.  of  Estimate 

.13936 

.08006 

.13482 

.11086 

R -squared 

.04348 

.08518 

.00892 

.00489 

Adjusted  R-squared 

-.03623 

-.04551 

-.09019 

-.04749 

Degrees  of  Freedom  (df) 

12 

7 

10 

19 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-1,  df) 

.54551 

.65179 

.08999 

.09333 

Prob.  Value  of  F 

.47436 

.44603 

.7703  . 

.76330 

Constant 

.63536 

1.29956 

1.29754 

1.27393 

Standard  error 

.08348 

.06979 

.10527 

.05357 

Slope 

.02195 

-.02024 

-.00966 

-.00148 

Standard  error 

.02972 

.02507 

.03221 

.00485 

t-ratio 

.73859 

-.80734 

-.29999 

-.30551 

prob  t 

.47436 

.44603 

.77033 

.76330 

Correlation  Coefficient 

.20852 

-.29186 

-.09444 

-.06992 

Sec  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-20.  ANOVA  for  traverse  tube  with  crews  in  BDU. 

Sum  Sq 

DF  Mean  Sq 

Crew 

.00220 

1  .23244 

Error 

.(H)220 

19  ,01223 

Mean  of  Dependent  Variable 

1.2.5933 

Number  of  Obser/aiions 

21 

Total  Sum  of  Squares 

.23464 

Residual  Sum  of  Squares 

.23244 

Std.  Dev,  of  Estimate 

.11061 

R-squared 

.00939 

Adjusted  R-squared 

-.04275 

Degrees  of  Freedom  (df) 

19 

Number  of  Ind  Vars  (K) 

2 

F(K-1.  df) 

.18010 

Prob.  Value  of  F 

.67605 

vK) 

m 

•  4 
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TRAVERSE  TUBE,  CREWS  2  AND  3:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


Table  C-21.  Siadsiical  sunimaiy'  for  traverse  tube  with  crews  in  M0PP4-S. 


Mean  of  Dependent  Variable 

Crew  1 
.63285 

Crew  2 
1.48299 

Crew  3 
1.35762 

Number  of  Observations 

5 

4 

5 

Total  Sum  of  Squares 

.07778 

.01184 

.01784 

Residual  Sum  of  Squares 

.07709 

.00620 

.01063 

Std.  Dev.  of  Estimate 

.16030 

.05569 

.05951 

R-.squared 

.00882 

.47622 

.40440 

Adjusted  R  squared 

-.32157 

.21433 

.20587 

Degrees  of  Freedom  (df) 

3 

3 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

.02670 

1.81841 

2.03696 

Prob.  Value  of  F 

.88059 

.30991 

.24880 

Constant 

.57268 

1.60432 

1.53862 

Standard  error 

.37516 

.09419 

.12958 

Slope 

.03502 

-.09679 

-.09357 

Standard  error 

.21434 

.07178 

.06556 

t-ratio 

.16340 

-1.34848 

-1.42722 

prob  t 

.88059 

.30991 

.24880 

Correlation  Coefficient 

.09392 

-.69009 

-.63593 

‘See  Section  4  for  discussion  of  regression  equations 

mits. 

Table  C-22.  ANOVA  for  traverse  tube  with  crews  in  MOPP4-S. 


Sum  Sq 

DF 

Mean  Sq 

.03492 

1 

.02968 

.03492 

7 

.00424 

Mean  of  Dependent  Variable 

1.41334 

Number  of  Obseivations 

9 

Total  Sum  of  Squares 

.06461 

Residual  Sum  of  Squares 

.02968 

Std.  Dev.  of  Estimate 

.06512 

R-squared 

.54056 

Adjusted  R-squared 

.47492 

Degrees  of  Freedom  (df) 

7 

Number  of  Ind  Vars  (K) 

2 

F(K-I.dn 

8.23587 

Prob.  Value  of  F 

.02400 

Aggregate 

1.41334 

9 

.06461 

.02159 

.05554 

.66578 

.61804 

7 

2 

13.94440 

.00732 

1.62930 

.06072 

-.13235 

.03544 

-3.73422 

.00732 

-.81595 


TRAVERSE  TUBE:  M0PP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


TRAVERSE  TUBE,  CREWS  2  AND  3:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


Table  C-23.  Statistical  summaiy'  for  traverse  tube  with  crews  in  M0PP4-R. 


Crew  1 

Crew  2 

Crew  3 

A^^regate 

Mean  of  Dependent  Variable 

No  Data 

1.44322 

1.38765 

1.42006 

Number  of  Observations 

7 

5 

12 

Total  Sura  of  Squares 

.04689 

.08919 

.14508 

Residual  Sum  of  Squares 

.04008 

,01696 

.13772 

Std,  Dev.  of  Estimate 

.08953 

.07520 

.11735 

R-squared 

.14521 

.80980 

.05076 

Adjusted  R-squared 

-.02575 

.74640 

-.01417 

Degrees  of  Freedom  (df) 

5 

3 

10 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

.84939 

12.77292 

.53471 

Prob.  Value  of  F 

.39901 

.03745 

.48142 

Constant 

1.38891 

1.89012 

1.38412 

Standard  error 

.06794 

.14456 

.05970 

Slope 

.01692 

-.36470 

.01469 

Standard  error 

.01836 

.10204 

.02009 

t-ratio 

.92162 

-3.57392 

.73124 

prob  t 

.39901 

.03745 

.48142 

Coixelation  Coefficient 

.38106 

-.89989 

.22529 

‘See  Section  4  for  discussion  of  regression  equations  and  units. 


Table  C-24.  ANOVA  for  traverse  tube  with  crews  in  MOPP4-R. 


Sum  Sq 

DF 

Mean  Sq 

Crew 

.00901 

1 

.13608 

Error 

,00901 

10 

.01361 

Mean  of  Dependent  Variable 

1.42006 

Number  of  Observations 

12 

Total  Sum  of  Squares 

.14508 

Residual  Sum  of  Squares 

.13608 

Std.  Dev.  of  Estimate 

.11665 

R-squared 

.06207 

Adjusted  R-squared 

-.03172 

Degrees  of  Freedom  (df) 

10 

Number  of  Ind  Vars  (K) 

2 

F(K-1,  df) 

.66178 

Prob.  Value  of  F 

.43488 

Table  C  25.  Statistical  summary'  for  begin  set  elevation  with  crews  in  BDU. 


Mean  of  Dependent  Varablc 

Crew  1 
5.27333 

Crew  2 
1.42231 

Crew  3 
5.05429 

Aggregate 

3.03000 

Number  of  Ooservations 

3 

13 

7 

23 

Total  Sum  of  Squrres 

3.26167 

124.18100 

16.99797 

221.82320 

Residual  Sum  of  Squares 

2.20393 

121.23260 

10.48416 

221.71250 

Std.  Dev.  of  Estimate 

1.48456 

3.31981 

1.44804 

3.24927 

R-squai'jd 

.32429 

.02374 

.38321 

.00050 

Adjusted  R-squared 

-.35141 

-.06501 

.25985 

-.04710 

Degrees  of  Freedom  (df) 

1 

11 

5 

21 

Number  or  ind  Vars  (L) 

2 

2 

2 

2 

F(K-1.  df) 

.47993 

2(nsi 

3.10650 

.01048 

Prob.  Value  of  F 

.61430 

.61524 

.13827 

.91943 

Constant 

3.40148 

2.81116 

16.22794 

3.17245 

Standard  enor 

2.83465 

2.83867 

6.36314 

1.54767 

Slope 

2.02644 

-.49392 

-2.91975 

-.01437 

Standard  error 

2.92511 

.95495 

1.65657 

.14037 

tratio 

.69277 

-.51723 

-1.76253 

-.10237 

prob  t 

.61430 

.61524 

.13827 

.91943 

Correlation  Coefficient 

.56947 

-.15409 

-.61904 

-.02233 

(«) 


•  • 


'See  Section  4  for  discussion  of  regression  equations  and  units. 


Table  C-26.  ANOVA  for  begin  set  elevation  with  crews  in  BDU. 


Crew 

Error 


Sum  Scj 
77.38252 
38.69126 


DF 

2 

20 


Mean  Sq 
144.44060 
7.22203 


Mean  of  Dependent  Variable 
Number  of  Observations 
Total  Sum  of  Squares 
Residual  Sum  of  Squares 
Std.  Dev.  of  Estimate 
R-squared 
Adjusted  R-squared 
Degrees  of  Freedom  (df) 
Number  of  Ind  Vars  (K) 
F(K-1,  dO 
Prob.  Value  of  F 


3.03000 

23 

221.82320 

144,44060 

2.68738 

.34885 

.28373 

20 

3 

5.35739 

.01370 


G41 


Figure  C-27.  Task  times  with  regression  lines  for  begin  set  elevation  in  MOPP4-S 


BEGIN  SET  ELEVATION,  ALL  CREWS:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


Table  C-27.  Statistical  summary’  for  begin  set  elevation  with  crews  in  MOPP4-S. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

7.26400 

1.88000 

4.08000 

5.36000 

Number  of  Observations 

5 

2 

2 

9 

Total  Sum  of  Squar-es 

18.20732 

6.99380 

14.36480 

85.18959 

iiesidual  Sum  of  Squares 

15.13328 

.00000 

.00000 

82.23502 

Std.  Dev.  of  Estimate 

2.24598 

.00000 

.00000 

3.42752 

R-squared 

.16884 

1.00000 

1.00000 

.03468 

Adjusted  R-squared 

-.10822 

.00000 

.00000 

-.10322 

Degrees  of  Freedom  (df) 

3 

0 

0 

7 

Number  of  Ind  Vars  (Kl 

2 

2 

2 

2 

F(K-1.  df) 

.60939 

.25150 

Prob.  Value  of  F 

.49195 

.63141 

Constant 

11.26116 

-5.62141 

-77.32991 

3.43704 

Standard  error 

5.21798 

4.00104 

Slope 

-2.33311 

6.80464 

34.08348 

1.11311 

Standard  error 

2.98873 

2.21957 

i-ralio 

-.78064 

.50150 

prob  t 

,49195 

.63141 

Correlation  Coefficient 

-.41090 

1.00000 

1.00000 

.18623 

'See  Section  4  for  discussion  of  rc;>:rcssion  equations  and  units. 


Table  C-28.  ANOVA  for  begin  set  ek  ration  with  crews  in  MOPP4-S. 


Sum  Sq 

DF 

Mean  Sq 

45.62367 

2 

39.56591 

22.81184 

6 

6.59432 

Mean  of  Dependent  Variable 

5.36000 

Number  of  Observations 

9 

Tclal  Sum  of  Squares 

85.18959 

Residual  Sum  of  Squares 

39.56591 

Std.  Dev.  of  Estimate 

2.56794 

R-squared 

.53555 

Adjusted  R-squared 

.38074 

Degrees  of  Freedom  (dO 

6 

Number  of  Ind  Vars  (K) 

3 

F(K-1,  df) 

3.45932 

Prob.  Value  of  F 

.10019 

Delay  time,  s  Delay  time, 


BEGIN  SET  ELEVATION:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 
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BEGIN  SET  ELEVATION,  CREWS  2  AND  3:  MOPP4  -  ROTATING 

(Linear  regression  with  63  %  confidence  band) 


Table  C-29.  Statistical  surnmarj-'  for  begin  set  elevation  with  crews  in  MOPP4-R. 


Crew  1 

L !  t.'w  2 

Crew  3 

regale 

Mean  of  Dependent  Variable 

No  Data 

5.36250 

7.86857 

6.53200 

Number  of  Observations 

8 

7 

15 

Total  Sum  of  Squares 

246.53890 

123.84730 

393.83300 

Residual  Sum  of  Squares 

119.95470 

121.54620 

337.18210 

Std.  Dev.  of  Estimate 

4.47129 

4.93044 

5.09285 

R-squared 

.51345 

.018.58 

.14384 

Adju.sted  R-squared 

.43235 

-.17770 

.07799 

Degrees  of  Freedom  (df) 

6 

5 

13 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

6.33160 

.09466 

2.18417 

Prob.  Value  of  F 

.04552 

.77074 

.16325 

Constant 

-.59558 

8.87340 

3.63655 

Standard  error 

2.84704 

3.76022 

2.35956 

Slope 

1.98616 

-.47534 

1.11949 

Standard  eiror 

.78933 

1.54497 

.75749 

t-ratio 

2.51627 

-.30767 

1 .47789 

prob  i 

.04552 

.77074 

.16325 

Coirelalion  Coefficient 

.V1655 

-.13631 

.37927 

See  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-30.  ,^NOVA  Idr  begin  .set  elevation  with 

crews  in  MOPF’4-R 

Sum  Sq 

DF 

Mean  Sq 

Crev/  23.44680 

1 

370.38620 

Error  23.44680 

13 

28.49125 

Mean  of  Dependent  Variable 

6.53200 

Number  of  Observations 

15 

Total  Sum  of  Squares 

393.83300 

Residual  Sum  of  Squares 

370,38620 

Std.  Dev,  of  Estimate 

5.33772 

R-squared 

.05953 

Adjusted  R-squared 

-.01281 

Degrees  of  Freedom  (df) 

13 

Number  of  Ind  Vars  (K) 

2 

F(K-1.  dO 

.82295 

Prob.  Value  of  F 

.38083 

SET  ELEVATION,  ALL  CREWS:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 


Table  C-31.  Statistical  summaiy'  for  set  elevation  with  crews  in  BDU. 


e 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

.85598 

.84868 

.79929 

.83298 

Number  of  Observations 

13 

11 

14 

38 

Total  Sum  of  Squares 

.12763 

.07704 

.41178 

.64192 

Residual  Sum  of  Squares 

.09609 

.07703 

.21033 

.60909 

Std.  Dev.  of  Estimate 

.09346 

.09251 

.13239 

.13007 

R-squared 

.24712 

.00016 

.48921 

.05115 

Adjusted  R-squared 

.17868 

-.11093 

.44665 

.02479 

Degrees  of  Freedom  (df) 

11 

9 

12 

36 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-l,df) 

3.61054 

.00145 

11.49308 

1.94056 

Prob.  Value  of  F 

.08393 

.97047 

.00537 

.17215 

Constant 

.96889 

.84542 

.55290 

.77109 

Standard  error 

.06483 

.09020 

.08084 

.04919 

Slope 

-.04229 

.00114 

.08986 

.00631 

Standard  error 

.02226 

.03006 

.02651 

.00453 

t-ratio 

-1.90014 

.03806 

3.39014 

1.39304 

prob  t 

.08393 

.97047 

.00537 

.17215 

Correlation  Coefficient 

-.49711 

.01269 

.69944 

.22616 

‘See  Section  4  for  discussion  of  regression  equations  and  units. 


Table  C-32.  ANOVA  for  set  elevation  with  crews  in  BDU. 


Sum  Sq 

DF 

Mean  Sq 

Crew 

.02548 

2 

.61645 

Error 

.01274 

35 

.01761 

Mean  of  Dependent  Variable 

.83298 

Number  of  Observations 

38 

Total  Sum  of  Squares 

.64192 

Residual  Sura  of  Squares 

.61645 

Std.  Dev.  of  Estimate 

.13271 

R-squared 

.03969 

Adjusted  R-squared 

r\^  r  i 

-.oi  jjy 

Degrees  of  Freedom  (df) 

35 

Number  of  Ind  Vars  (K) 

3 

F(K-1,  df) 

.72325 

Prob.  Value  of  F 

.49228 

C-50 


9 


buk 


ELEVATION,  ALL  CREWS:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


Aggregate  task  time  data  with  regression  line  for  set  elevation  in  MOPP4-S 


Table  C-33.  Statistical  summary'  for  set  etevation  with  crews  in  M0PP4-S. 


Mean  of  Dependent  Variable 

Crew  1 
.85395 

Crew  2 
.87932 

Crew  3 
.84194 

Aggregate 

.85990 

Number  of  Observations 

4 

4 

3 

11 

Total  Sum  of  Squares 

.00071 

.01070 

.04697 

.06100 

Residual  Sum  of  Squares 

.00070 

.00099 

.04485 

.05050 

Std.  Dev.  of  Estimate 

.01872 

.02226 

.21178 

.07491 

R-squared 

.00752 

.90746 

.04514 

.17209 

Adjusted  R-squaied 

-.48872 

.86119 

-.90972 

,08010 

Degrees  of  Freedom  (df) 

2 

2 

1 

9 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-1,  df) 

.01515 

19.61205 

.04727 

1.87077 

Prob.  Value  of  F 

.91329 

.04739 

.86370 

.20456 

Constant 

.84510 

1.03804 

.96209 

.96417 

Standard  error 

.07252 

.03753 

.56596 

.07951 

Slope 

.00480 

-.12680 

-.05807 

-.06169 

Standard  error 

.03899 

.02863 

.26706 

.04510 

t-ratio 

.12309 

-4.42855 

-.21743 

-1.36776 

prob  t 

.91329 

.04739 

.86370 

.20456 

Correlation  Coefficient 

.08671 

-.95261 

-.21246 

-.41484 

'Sec  Section  4  for  discussion  of  regression  equations  and  units. 


(S) 


•  • 


Table  C-34.  ANOVA  for  set  elevation  with  crews  in  MOPP4-S. 

Sum  Sq  DF  Mean  Sq 

Crew  ,00262  2  .05838 

Enor  .00131  8  .00730 


Mean  of  Dependent  Variable 

,85990 

Number  of  Observations 

11 

Total  Sum  of  Squares 

.06100 

Residual  Sum  of  Squares 

.05838 

Std.  Dev.  of  Estimate 

.08543 

R-squared 

.04292 

Adjusted  R-squared 

-.19636 

Degrees  of  freedom  (df) 

8 

Number  of  Ind  Vars  (K) 

3 

F(K-!,  df) 

.17936 

Prob.  Value  of  F 

.83907 

C-53 
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ELEVATION,  CREWS  2  AND  3:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


Table  C-35.  Statistical  summary'  for  set  ebvation  with  crews  in  MOPP4-R. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

No  Data 

.91904 

.97142 

.94285 

Number  of  Observations 

6 

5 

11 

Total  Sum  of  Squares 

.06961 

.14491 

.22200 

Residual  Sum  of  Squares 

.06545 

.01215 

.15471 

Std.  Dev.  Oi  Estimate 

.12792 

.06364 

.13111 

R-squared 

.05968 

.91615 

.30310 

Adjusted  R-squared 

-.17541 

.88819 

.22567 

Degrees  of  Freedom  (df) 

4 

3 

9 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

.25385 

32.77618 

3.91441 

Prob.  Value  of  F 

.64086 

.01058 

.07925 

Constant 

.87635 

.60891 

.79944 

Standard  error 

.09953 

.06942 

.08256 

Slope 

.01698 

.14142 

.05653 

Standard  enor 

.03369 

.02470 

.02857 

t-ratio 

.50384 

5.72505 

1.97849 

prob  t 

.64086 

.01058 

.07925 

Correlation  Coefficient 

.24429 

.95715 

.55055 

See  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-36.  ANOVA  for  set  elevation  with  crews  in  MOPP4-R. 

Sum  S({ 

DF 

Mean  Sq 

Crew 

.00748 

1 

.21451 

Error 

mi3.'6 

9 

.02383 

Mean  ol  Dependent  Variable 

.94785 

Number  of  Observations 

11 

Total  Sum  of  Squares 

.22200 

Residual  Sum  of  Squares 

.21451 

Std.  Dev.  of  Estimate 

.15439 

R-squared 

.03370 

Adjusted  R-squared 

y  f  jyj\j 

Degrees  of  Freedom  (df) 

9 

Number  of  Ind  Vars  (K) 

2 

F(K1.  dO 

.31391 

Prob.  Value  of  F 

.58896 

ELEVATE  TUBE,  ALL  CREWS:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 


" 

4 

• 

Table  C-37.  Statistical  summarj'  for  elevate  tabe  with  crews  in  BHU. 

A 

Crew  1 

Crew  2 

Crew  3  Aggregaie 

'4) 

Mean  of  Dependent  Variable 

1.28307 

1.34379 

1.25902 

1.29179 

• 

Number  of  Observations 

13 

11 

14 

38 

Total  Sum  of  Squares 

.16130 

.06732 

.23194 

.50633 

, 

Residual  Sum  of  Squares 

.11893 

.05970 

.21946 

.48104 

Std.  Dev.  of  Estimate 

.10398 

.08145 

.13523 

.11560 

I, 

R-squared 

.26268 

.11317 

.05383 

.04993 

# 

Adjusted  R-squarcd 

.19565 

.01464 

-.02502 

.02354 

D-'grecs  of  Freedom  (df) 

11 

9 

12 

36 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

.  r 

F(K-1,  df) 

3,91881 

1.14852 

.68269 

1.89207 

Prob.  Value  of  F 

.07332 

.31175 

.42479 

.17747 

m 

Constant 

1.41406 

1.41866 

1.19766 

1.. 34432 

Standard  error 

.07218 

.07405 

.0825'> 

.04255 

;■ 

Slope 

-.04902 

-.02670 

.92236 

-.00541 

Standard  error 

.02476 

.02492 

.02706 

.00393 

• 

t-ratio 

-1.97960 

-1.07169 

.82625 

-1.37553 

prob  i 

.07332 

.31175 

.42479 

.17747 

Correlation  Coefficient 

-.51252 

-.33641 

.23201 

-.22346 

9 

'See  Section  4  for  discussion  of  regression  equations  and  units. 

'  fl- 

Table  C-38.  ANOVA  for  elevate  lube  with  crews  in  BDU. 

• 

Sum  Sq 

DF 

Mean  Sq 

Crew 

,04576 

2 

,46056 

Error 

.02288 

35 

.01316 

1  «r"- 

Mean  of  Dependem  Variable 

1.29179 

• 

jr 

Number  of  Observations 

38 

" 

Total  Sum  of  Squares 

.50633 

Residual  Sum  of  Squares 

.46056 

Std.  Dev.  of  E.‘;timate 

.11471 

.09039 

Adjusted  R-squared 

.03841 

Degrees  of  Freedom  (df) 

35 

Number  of  Ind  Vars  (K) 

3 

F(K-1,  dO 

1.73892 

Prob.  Value  of  I 

19055 

c:-.59 

1 

• 

•  •  « 

• 

m 

• 

•  • 

• 

• 

ELEVATE  TUBE;  M0PP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


jCREWI 

log(task  time)  =  1 .6199(; 

0.14722* 

1 

time 

2  3 

Time  In  MOPP4,  h 


CHEW  2  log(task  time)  1.31528  +  0.02460  *  time 


Time  In  MOPP4.  h 


Time  In  MOPP4,  h 

Figure  C-39.  Task  times  with  icgression  lines  for  elevate  tube  in  MOPP4-S 


ELEVATE  TUBE,  ALL  CREWS:  M0PP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


.ggregate  task  time  data  with  regression  line  for  elevate  tube  in 


Table  C-39.  Statistical  summary'  for  elevaie  ti'be  with  crews  in  M0PP4-S. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

1.38722 

1.34613 

1.32602 

1 .35242 

Number  of  Observations 

3 

4 

3 

10 

Total  Sum  of  Squares 

.02753 

.03456 

.00010 

.06808 

Residual  Sum  of  Squares 

.01840 

.03420 

.00000 

.06633 

Std.  Dev.  of  Estimate 

.13566 

.13076 

.00220 

.09106 

R-squared 

.33147 

.01057 

.95299 

.02563 

Adjusted  R-squared 

-.33706 

-.48415 

.90597 

-.09617 

Degrees  of  Fteedom  (df) 

1 

2 

1 

8 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-1,  df) 

.49582 

.02136 

20.27036 

.21039 

Prob.  Value  of  F 

.60943 

.89721 

.13914 

.65866 

Constant 

1.61996 

1.31528 

1.30014 

1.39230 

Standard  error 

.33968 

.22097 

.00589 

.09157 

Slope 

-.14722 

.02460 

.01250 

-.02496 

Standard  error 

.20908 

.16833 

.00278 

.05442 

t-ratio 

-.70415 

.14615 

4.50226 

-.45869 

prob  t 

.60943 

.89721 

.13914 

.65866 

Correlation  Coefficient 

-.57574 

.10279 

.97621 

-.16008 

See  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-40  ANOVA  for  elevate  tube  with  crews  in  MOPP4-S. 

Surn  Sq 

DF 

Mean  Sq 

Crew 

,00588 

2 

.06220 

Error 

.00294 

7 

.00889 

Mean  of  Dependent  Variable 

1.35242 

Number  of  Observations 

10 

Total  Sum  of  Squares 

.06808 

Residual  Sum  of  Squares 

.06220 

Std.  Dev.  of  Estimate 

.09426 

R-squared 

.08639 

Adjusted  R-squared 

-.17464 

Degrees  of  Freedom  (df) 

7 

Number  of  Ind  Vars  (K) 

3 

F(K  -1,  df) 

.33096 

Prob.  Value  of  F 

.72889 

ELEVATE  TUBE,  CREWS  2  AND  3:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


Aggregate  task  time  data  with  regression  line  for  elevate  tube  in  MOPP4-R 


Tabic  C-41.  Statistical  summary'  for  elevate  tube  with  crews  in  MOPP4-R. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Vaiiable 

No  Data 

1.35045 

1.23563 

1.30739 

Number  of  Observations 

10 

6 

16 

Total  Sum  of  Squares 

.13520 

.02437 

.20900 

Residual  Sum  of  Squares 

.09122 

.02316 

.14873 

Std.  Dev.  of  Estimate 

.10678 

.07609 

.10307 

R-squared 

.32533 

.04976 

.28840 

Adjusted  R-squarcd 

.24099 

-.18781 

.23757 

Degrees  of  Freedom  (dD 

8 

4 

14 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

3.85759 

.20944 

5.67387 

Prob.  Value  of  F 

.08512 

.67096 

.03195 

Constant 

1.21260 

1.26196 

1.19632 

Standard  error 

.07788 

.06539 

.05328 

Slope 

.03648 

-.01155 

.03453 

Standard  error 

.01857 

.02523 

.01449 

t-ratio 

1.96407 

-.45765 

2.38199 

prob  t 

.08512 

.67096 

.03195 

Correlation  Coefficient 

.57037 

-.22306 

.53703 

'Sec  Section  4  for  discussion  of  regression  equations  and  units. 


Table  C-42.  ANOVA  for  elevate  tube  with  crews  in  MOPP4-R. 


Sum  Sq 

DF 

Mean  Sq 

Crew 

.04944 

1 

.15957 

Error 

.04944 

14 

.01 140 

Mean  of  Dependent  Variable 

1 ,30739 

Number  of  Observations 

16 

Total  Sum  of  Squares 

.20900 

Residual  Sum  of  Squares 

.15957 

Std.  Dev.  of  Estimate 

,10676 

R-squared 

.23653 

Adjusted  R-squared 

.18200 

Degrees  of  Freedom  (df) 

14 

Number  of  Ind  Vars  (K) 

2 

F(K-I,  df) 

4.33742 

Prob.  Value  of  F 

.05610 

C-65 
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BEGIN  FIRST  LOAD,  ALL  CREWS:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 


Table  C-43.  Statistical  summary'  for  begin  firs*  load  with  crews  in  BDU. 


■>>V*  "t/'  "'i’’ 


■  - 


v^.v^ 

m 

■vK 

'  '''V. 


;; 


Mean  of  Dependent  Variable 

Crew  1 
1.50904 

Crew  2 
1.39373 

Crew  3 
1.39756 

Aggregate 

1.43640 

Number  of  Observations 

14 

12 

13 

39 

Total  Sum  of  Squares 

.04656 

.04057 

.02998 

.23243 

Residual  Sum  of  Squares 

.03263 

.03519 

.02917 

.22321 

Std.  Dev.  of  Estimate 

,05215 

.05932 

.05149 

.07767 

R-squared 

.29915 

.13255 

.02709 

.03968 

Adjusted  R-squared 

.24074 

.04580 

-.06136 

.01373 

Degrees  of  Freedom  (df) 

12 

10 

11 

37 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-i,  df) 

5.12198 

1.52798 

.30628 

1.52888 

Prob.  Value  of  F 

.04296 

.24466 

..59104 

.7.2407 

Constant 

1.57223 

1.45381 

1.38184 

1.46630 

Standard  error 

.0312! 

.05153 

.03180 

.02719 

Slope 

-.02517 

-.02198 

.00599 

-.00325 

Standard  error 

.01112 

.01778 

.01083 

.00263 

t-ratio 

-2.26318 

-1.23611 

.55343 

-1.23648 

prob  t 

.04296 

.24466 

,59104 

.22407 

Correlation  Coefficient 

-.54694 

-.36407 

.164.59 

-.19920 

‘See  Section  4  for  discussion  of  regression  equations  and  units. 


Table  C-44.  ANOVA  for  begin  first  load  with  crews  in  BDU. 


Sum  Sc/ 

DF 

Mean  Sc/ 

.11532 

2 

.11711 

.05766 

36 

.00325 

Mean  of  Dependent  Variable 

1.43640 

Number  of  Observations 

39 

Total  Sum  of  Squares 

.23243 

Residual  Sum  of  Squares 

.11711 

Std.  Dev,  of  Estimate 

,05704 

R-squared 

,49615 

Adjusted  R-squared 

.46816 

Degrees  of  Freedom  (df) 

36 

Number  of  Ind  Vars  (K.) 

3 

F(K-1,  df) 

17.72483 

Prob.  Value  of  F 

,00000 
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BEGIN  FIRST  LOAD:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


CREW  1 

log(task  time)  =  1.83516 

1  -  0.16818  *  time 

2  3 

Time  in  MOPP4,  h 


2  3 

Time  in  MOPP4.  h 


Figure  C-45.  Task  times  with  regression  lines  for  begin  first  load  in  MOPP4-S 
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BEGIN  FIRST  LOAD,  ALL  CREWS:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


Aggregate  task  time  data  with  regression  line  for  begin  first  load  in  MOPP4-S. 


Table  C-45.  Statistical  summary'  for  begin  first  load  with  crews  in  MOPP4-S. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

1.51279 

1.71386 

1.67945 

1.63307 

Number  of  Observations 

5 

4 

6 

15 

Total  Sum  of  Squares 

.02371 

.02629 

.09806 

.25941 

Residual  Sum  of  Squares 

.00372 

.01358 

.09513 

.25675 

Std.  Dev.  of  Estimate 

.03520 

.08239 

.15421 

.14053 

R-squared 

.84327 

.48355 

.02989 

.01026 

Adjusted  R-squared 

.79103 

.22532 

-.21264 

-.06587 

Degrees  of  Freedom  (df) 

3 

2 

4 

13 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-1,  df) 

16.14177 

1.87257 

.12322 

.13478 

Prob,  Value  of  F 

.02769 

.30462 

.74327 

.71943 

Constant 

1.83518 

1.53204 

1.63429 

1.60644 

Standard  error 

.08177 

.13910 

.14323 

.08112 

Slope 

-.18818 

.14576 

.i..859 

.01420 

Standard  error 

.04684 

.10652 

.05295 

.03868 

t-ratio 

-4.01768 

1.36842 

.35103 

.36713 

prob  t 

.02769 

.30462 

.74327 

.71943 

Correlation  Coefficient 

-.91830 

.69538 

.17287 

.10130 

'See  Section  4  for  discussion  of  regression  equations  and  units. 


Table  C-46.  ANOVA  for  begin  first  load  with  crews  in  MOPP4-S. 


Sum  Sq 

DF 

Mean  Sq 

Crew 

.11135 

2 

.14806 

Error 

.05568 

12 

.01234 

Mean  of  Dependent  Variable 

1.63307 

Number  of  Observations 

15 

Total  Sum  of  Squares 

.25941 

Residual  Sum  of  Squares 

.14806 

Std.  Dev.  of  Estimate 

.11108 

R-squared 

.42925 

Adjusted  R-squared 

.33412 

Degrees  of  Freedom  (dO 

12 

Number  of  Ind  Vars  (K) 

3 

F(K-1.  df) 

4.51243 

Prob.  Value  of  F 

.03457 

Task  time,  s  Task  time, 


BEGIN  FIRST  LOAD,  CREWS  2  AND  3:  MOPP4  -  ROTATING 

(Linear  regression  with  6S  %  confidence  band) 


Table  C-47.  Statistical  summary'  for  begin  first  load  with  crews  in  MOPP4-R. 


« 


i 

Crew  1 

Crew  2 

Crew  3 

Aggregate 

vV  T  ■ 

j  Mean  of  E>epcndcnt  Variable 

No  Data 

1.58779 

1.5.5855 

1.57902 

j  Number  of  Observations 

14 

6 

20 

!>- 

Total  Sum  of  Squares 

.13727 

.07368 

.21454 

Residual  Sum  of  Squares 

.13563 

.07297 

.21211 

Std.  E>ev.  of  Estimate 

.10631 

.13506 

.10855 

1  R-squared 

.01196 

.00968 

.01131 

Adjusted  R-squared 

-.07038 

-.23790 

-.04361 

Degrees  of  Freedom  (df) 

12 

4 

Number  of  Ind  Vai’S  (K) 

2 

2 

2 

F(K-1,  df) 

.14527 

.03909 

.20598 

j 

Prob.  Value  of  F 

.70976 

.85292 

.65536 

Constant 

1.56550 

1.57871 

1.55911 

Standard  ciror 

1 

.06504 

.11592 

.05013 

1 

Slope 

.00559 

-.00886 

.00573 

Standard  error 

.01466 

.04481 

.01262 

t-ratio 

.38114 

-.19771 

.45385 

prob  t 

.70976 

.85292 

.65536 

t 

Correlation  Coefficient 

.’3937 

-.09837 

.10637 

t  '•  -it, 

‘Sec  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-48.  ANOVA  for  begin  first  le  \d  with  crews  in  MOPP4-R. 


Sum  Sq 

Df 

Mean  Sq 

Crew 

.(K)359 

1 

.21095 

Error 

,003.59 

18 

.01 172 

Mean  of  Dependent  Variable 

1.57902 

Number  of  Observations 

20 

Total  Sum  of  Squares 

.21454 

Residual  Sum  ol  Squares 

.21095 

Std.  Dev.  of  Estimate 

.10826 

R-squared 

.01674 

Adjusted  R-squared 

-.03788 

Degrees  of  Freedom  (df) 

18 

Number  of  Ind  Vars  (K) 

2 

F(K-1.  df) 

.30648 

Prob.  Value  of  F 

.58666 

C-74 
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LOAD  PROJECTILE:  BATTLE  DRESS  UNIFO.  M 

(Linear  regression  with  68  %  confidence  band) 


PROJECTILE,  CREWS  2  AND  3:  BATTLE  DRESS  UNIFORM 

(Linsar  regrassion  with  68  %  confidanc©  band) 


Aggregate  task  time  data  with  regression  line  for  load  projectile  in  BDU 


l>,ble  C-49,  Statistical  summary'  for  load  projectile  with  crews  in  BDU. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable  No  Data 

.52^,19 

.33316 

.42957 

Nun'/i'ter  of  Observations 

54 

53 

107 

Total  Sum  of  Squares 

.47U78 

.23809 

1.68493 

Residual  Sum  of  Squares 

.44452 

.23702 

1.66664 

Std.  Dev.  of  Estiro.-  X 

.09246 

.06817 

.12599 

R-squarcd 

.05578 

.00448 

.01085 

Adjusted  R-squared 

.03762 

-.01504 

.00143 

D  grees  of  Freedom  (dD 

52 

51 

105 

Number  of  Ind  Vars  tK) 

2 

2 

2 

F(K-1,  df) 

3.07168 

.22955 

1.15170 

Pi.>b.  Value  of  F 

.08556 

.63392 

.28565 

Constant 

.58690 

.34193 

.45080 

Standard  error 

.03793 

.02055 

.02323 

Slope 

-.02199 

-.00330 

-.00044 

Standard  enor 

.01254 

.00688 

.00041 

t-ratio 

-1.75262 

-.47910 

-1.07317 

prob  t 

.08556 

.63392 

.28565 

Correlation  Coefficient 

-.2361  •' 

-.06694 

-.10416 

■e  Section  4  for  di'-cussion  o.  regression  equations  and  units. 

Table  C-50.  ANOVA  for  load  projectik  with  crews  in  BDU. 

Sum  Sq 

DF 

Mean  Sq 

Crew  .97605 

1 

.70887 

Error  .97605 

105 

.00675 

Mean  of  Dependent  Variable 

42957 

Number  ol'  Observations 

107 

Total  Sum  of  Squares 

1.68493 

Residual  Sum  of  Squares 

,70887 

Std.  E)ev.  of  E.stimate 

.08217 

R-sqnared 

.57929 

Adjusted  R-squareu 

.57528 

Degr  ';s  of  Freedom  (dO 

105 

Number  of  Ind  Vars  (K) 

2 

F(K-i,  df) 

144.57560 

Prob.  Value  of  F 

.mm 
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CREW1 


(No  Data) 


CREW  2  log(task  time)  =  0.77234  -  0.15030  •  time 
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Time  in  MOPP4,  h 
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PROJECTILE,  CREWS  2  AND  3:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


ggregate 


Table  C-51.  Statistical  summary'  for  load  projectile  with  crews  in  MOPP4-S. 


(*) 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

No  Data 

.59687 

.52624 

.55449 

Number  of  Observations 

16 

24 

40 

Total  Sum  of  Squares 

.09087 

.33831 

AllQl 

Residual  Sum  of  Squares 

.04833 

.20281 

.45404 

Std.  Dev.  of  Estimate 

.05876 

.09601 

.10931 

R-squared 

.46808 

.40053 

.04827 

Adjusted  R-squared 

.43009 

.37329 

.02323 

Degrees  of  Freedom  (df) 

14 

22 

38 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  dO 

12.31993 

14.69930 

1.92735 

Prob.  Value  of  F 

.00347 

.00090 

.17313 

Constant 

.77234 

.37960 

.51457 

Standard  error 

.05210 

.04298 

.03355 

Slope 

-.15030 

.06136 

.02100 

Standard  error 

.04282 

.01600 

.01513 

t-ratio 

-3.50998 

3.83397 

1.38829 

prob  t 

.W-il 

.Cvv7') 

.17313 

Correlation  Coefficient 

-.68417 

.63288 

.21971 

‘See  Section  4  for  discussion  of  regression  equations  and  units. 
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Table  C-52.  ANOVA  for  load  projectile  with  crews  in  MOPP4-S. 


Sum  Sq 

DF 

Mean  Sq 

Crew 

.04788 

1 

.42918 

Error 

.04788 

38 

.01129 

Mean  of  Dependent  Variable 
Number  of  Observations 
Total  Sum  of  Squares 
Residual  Sum  of  Squares 
Std.  Dev.  of  Estimate 
R-squared 
Adjusted  R-scjuured 
Degrees  of  Freedom  (dO 
Number  of  Ind  Vars  (K) 
F(K-1,  df) 

Prob.  Value  of  F 


C-80 


.55449 

40 

.47707 

.42918 

.10627 

.10037 

.07670 

38 

2 

4.23975 

.04639 


« 


# 
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PROJECTILE,  CREWS  2  AND  3:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


Table  C-53.  Statistical  summary'  for  load  projectile  with  crev's  in  MOPP4-R. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Depenoent  Variable 

No  Data 

.62397 

.61492 

.62080 

Number  of  Observations 

52 

28 

80 

Total  Sum  of  Squares 

.32201 

.61394 

.93744 

Residual  Sum  of  Squares 

.32189 

.51577 

.91709 

Std.  Dev.  of  Estimate 

.08024 

.14085 

.10843 

R-squared 

.00039 

.15990 

.02172 

Adjusted  R-squared 

-.01961 

.12759 

.00917 

Degrees  of  Freedom  (df) 

50 

26 

78 

Number  cf  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

.01934 

4.94873 

1.73140 

Prob,  Value  of  F 

.88995 

.03500 

.19209 

Constant 

.62099 

.51561 

.59454 

Standard  error 

.02417 

.05198 

.02335 

Slope 

.00077 

.04760 

.00808 

Standard  error 

.00554 

.02140 

.00614 

t  ratio 

.13907 

2.22457 

1.31583 

prob  l 

.88995 

.03500 

.19209 

Correlation  Coeflicient 

.01966 

.39988 

.14736 

'See  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-54.  ANOVA  for  load  projectile  with  crews  in  MOPP4-R, 


Sum 

DF 

Mean  Sq 

.00149 

1 

.93595 

.00149 

78 

.01200 

Mean  of  Dependent  Variable 

.62080 

Number  of  Ob  -nvations 

80 

Total  Suin  of  Squares 

.93744 

Residual  Sum  of  Squares 

.93595 

Std.  Dev.  of  Estimate 

.10954 

R-squared 

.001.59 

Adjusted  R-squared 

-.01121 

Degrees  of  Freedom  (df) 

78 

Miimber  of  Ind  Vars  (K) 

2 

i  (K-1,  df) 

.12423 

Prob.  Value  of  F 

.72544 

C-83 
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LOAD  FiriST  POWDER:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 


Table  C-55.  Statistical  summary'  for  load  first  powder  with  crews  in  BDU. 


Crew  I 

Crew  2 

Crew  3 

Aggregate 

Mean  r  Dependent  Variable 

No  Data 

.85363 

.94407 

.90233 

Number  of  Observations 

12 

14 

26 

Total  Sum  of  Squares 

.27164 

.38164 

.70612 

Residual  Sum  of  Squares 

.22532 

.35336 

.70599 

Std.  Dev.  of  Estimate 

.15011 

.17160 

.17151 

R-squared 

.17052 

.07410 

.00018 

Adjusted  R-squared 

.08757 

-.00306 

-.04148 

Degrees  of  Freedom  (df) 

10 

12 

24 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1.  df) 

2.05575 

.96031 

.00441 

Prob.  Value  of  F 

.18215 

.34645 

.94759 

Constant 

.67671 

1.03641 

.89797 

Standard  error 

.13078 

.10480 

.07371 

Slope 

.06453 

-.03362 

.00047 

Standard  error 

.04501 

.03431 

.00711 

t-ratio 

1.43379 

-.97995 

.06642 

prob  t 

.18215 

.34645 

.94759 

Correlation  Coefficient 

.41294 

-.27221 

.01356 

'See  Section  4  for  discussion  of  regression  equations  and  units. 


Table  C-36.  ANOVA  for  load  first  powder  with  crews  in  BDU. 


S  iq 

DF 

Mean  Sq 

Crew 

.U.)235 

1 

.65328 

Error 

.05285 

24 

.02722 

Mean  of  Dependent  Variable 

.90233 

Number  of  Ob.servalions 

26 

Total  Sum  of  Squares 

.70612 

Residual  Sum  of  Squares 

.65328 

Std.  Dev.  of  Estimate 

.16498 

R-squared 

.07484 

Adjusted  R-squared 

.03629 

Degrees  of  Freedom  {dQ 

24 

Number  of  Ind  Vars  (K) 

2 

F(K-1,  df) 

1.94146 

Prob.  Value  of  F 

.17628 

Figure  C-57.  Task  times  with  regression  lines  for  load  first  powder  in  MOPP4- 


POWDER,  CREWS  2  AND  3:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


1 

i 

• 

1 

Table  C-57.  Statistical  summary'  for  load  first  powder  with  crews  in  MOPP4-S. 

•1 

j  Crew  1 

Crew  2 

Crew  3  Aggregate 

1  Mean  of  Dependent  Variable  No  Data 

.88506 

.96112 

.93577 

A 

1  Number  of  Observations 

3 

6 

9 

■ 

Total  Sum  of  Squares 

.00177 

.01155 

.02488 

1  Residual  Sum  of  Squares 

.00131 

.01000 

.01748 

H 

1  Std.  Dev.  of  Estimate 

.03623 

.05000 

.04997 

1 

^  R-squared 

.25731 

.13367 

.29759 

A 

1 

’  Adjusted  R-squared 

-.48539 

-.08292 

.19725 

1 

J  Degrees  of  Freedom  (df) 

1 

4 

7 

1 

f  Number  of  Ind  Vars  (K) 

2 

2 

2 

9 

i  F(K-l.df) 

.34645 

.61717 

2.96575 

i 

a  Prob.  Value  of  F 

i 

.66132 

.47603 

.12872 

• 

1 

«  Constant 

.83580 

.92816 

.88141 

1 

Standard  error 

.08627 

.04665 

.03569 

1 

%  Slope 

.03509 

.01348 

.02591 

1 

Standard  error 

.05962 

.01716 

.01.505 

0 

1 

t-ratio 

.58860 

.78560 

1.72214 

1 

prob  t 

.66132 

.47603 

.12872 

1 

:  Correlation  Coefficient 

.50725 

.36561 

.54552 

9 

• 

'See  Section  4  for  discussion  of  regression  equations  and  units. 

V  Table  C-58.  ANOVA  for  load  first  powder  with  crews  in  MOPP4-S. 

9 

Sum  Sq 

DF 

Mean  Sq 

1 

Crew  .01157 

1 

.01331 

1 

Error  .01157 

a; 

7 

.00190 

j 

A  Mean  of  Dependent  Variable 

.93577 

9 

Number  of  Ob.servations 

9 

Total  Sum  of  Squares 

.02488 

Residual  Sum  of  Square.s 

.01331 

1  Std.  Dev.  of  Estimate 

.04361 

H  R-squared 

.46498 

Adjusted  R-squared 

.38855 

Degrees  of  Freedom  (df) 

7 

Number  of  Ind  Vars  (K) 

2 

Ji  F(K-l.df) 

6.08364 

;  Prob.  Value  of  F 

.04305 

• 

^  C-89 

W 

-V-V| 

9 

• 

• 
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Figure  C-  59.  Task  times  with  regression  lines  for  load  first  powder  in  M(  'PP4  R 


Table  C-59.  Statistical  summary'  for  load  first  powder  with  crews  in  MOPP4-R. 


Crew  ] 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

No  t>ata 

1.13501 

.95507 

1.07503 

Number  of  Observations 

14 

7 

21 

Total  Sum  of  Squares 

.62359 

.25133 

1.02602 

Residual  Sum  of  Squares 

.45176 

.15322 

.63287 

Std.  Dev.  of  Estimate 

.19403 

.17505 

.18251 

R-squared 

.27554 

.39037 

.38318 

Ai’justed  R-squared 

.21517 

.26844 

.35071 

Degrees  of  Freedom  (df) 

12 

5 

19 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

4.56414 

3.20170 

11.80308 

Prob,  Value  of  F 

.05394 

.13358 

.00277 

Constant 

.90624 

.74581 

.83694 

Standard  error 

.11898 

.13437 

.07993 

Slope 

.05717 

.09833 

.07050 

Standard  error 

.02616 

,05496 

.02052 

t-ratio 

2.13639 

1.78933 

3.43556 

prob  t 

.05394 

.13358 

.00277 

Correlation  Coefficient 

.52492 

.62480 

.61901 

'See  Section  4  for  discussion  of  regression  equations  and  units. 


Table  C-60.  ANOVA  for  load  first  powder  with  crews  in  MOPP4-R. 


Sum  Sq 

DF 

Mean  Sq 

Crew 

.15110 

1 

.87492 

Error 

.15110 

19 

.04605 

Mean  of  Dependent  Variable 

1.07503 

Number  of  Observations 

21 

Total  Sum  of  Squares 

1.02602 

Residual  Sum  of  Squares 

.87492 

Std.  Dev.  of  Estimate 

.21459 

R-squared 

.14727 

Adjusted  R-squared 

Degrees  of  Freedom  (df) 

19 

Number  of  Ind  Vars  (K) 

2 

F(K-!,  df) 

3.28127 

Prob.  Value  of  F 

.08591 

vK) 
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Figure  C-61.  Task  times  with  regression  lines  for  load  first  projo  and  pwdr  in  BDU, 


D  FIRST  PROJO  AND  PWDR,  ALL  CREWS:  BDU 

(Linear  regression  with  68  %  confidence  band) 


Aggregate  task  time  data  with  regression  line  for  load  first  projo  and  pwdr  in  BDU. 


Table  C-61.  Statistical  summary*  for  load  first  projo  and  pwdr  with  crews  in  BDU. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

.90897 

1.03495 

1.03665 

,99145 

Number  of  Observations 

14 

12 

14 

40 

Total  Sum  of  Squares 

.01072 

.11822 

.28021 

.58569 

Residual  Sum  of  Squares 

.03426 

.10158 

.26110 

.57334 

Std.  Dev.  of  Estimate 

.05344 

.10079 

.14751 

.12283 

R-squared 

.15864 

.14075 

.06818 

.02110 

Adjusted  R-squared 

.08852 

.05483 

-.00947 

-.00466 

Degrees  of  Freedom  (df) 

12 

10 

12 

38 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-l,df) 

2.26254 

1.63812 

.87800 

.81896 

Prob.  Value  of  F 

.15839 

.22948 

.36723 

.37119 

Constant 

.95218 

.92895 

1.11253 

1 .02565 

Standard  error 

.03208 

.08778 

.09007 

.04249 

Slope 

-.01715 

.03868 

-.02764 

-.00364 

Standard  error 

.01140 

.03022 

.02949 

.00402 

t-ra:io 

-1.50417 

1.27989 

-.93702 

-.90496 

prob  t 

.15839 

.22948 

.36723 

.37119 

Conelation  Coefficient  -.39829  ,375 '7 

See  Section  4  for  discussion  of  regression  equations  and  units. 

-.26111 

-.14525 

Table  C-62.  ANOVA  for  load  first  projo  and  pwdr  with  crews  in  BDU 

Sum  Sq 

DF 

Mean  Sq 

Crew 

.14654 

2 

.43915 

Error 

.07327 

37 

.01187 

Mean  of  Dependent  Variable 

.99145 

Number  of  Observations 

40 

Total  Sum  of  Squares 

.58569 

Residual  Sum  of  Squares 

.43915 

Std.  Dev.  of  Estimate 

.10894 

R-squared 

.25020 

AHinct^H  l?-cniiarprl 

i  Ewij  vwvi 

.20967 

Degrees  of  Freedom  (dO 

37 

Number  of  Ind  Vars  (K) 

3 

F(K-1.  df) 

6.17333 

Prob.  Value  of  F 

.00486 

C-95 
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Time  in  M0PP4,  h 

Figure  C-63,  Task  .times  with  regression  lines  for  load  05*51  projo  and  pwdr  in  MOPP4-S. 


PROJO  AND  PWDR,  ALL  CREWS:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


ggregate  task  lime  data  with  regre: 


Table  C-63.  Statistical  summary'  for  load  first  projo  and  pwdr  with  crews  in  MOPP4-S. 


Crew  } 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

1.02060 

1.09247 

1.09792 

1.07840 

Number  of  Observations 

3 

4 

6 

13 

Total  Sum  of  Squares 

.01905 

.04479 

.01509 

.09202 

Residua]  Sum  of  Squares 

.00063 

.01341 

.00227 

.06171 

Std.  Dev.  of  Estimate 

.02507 

.08190 

.02380 

.07490 

R-squared 

.96702 

.70051 

.84976 

,32940 

Adjusted  R-squared 

.93403 

.55076 

.81220 

.26843 

Degrees  of  Freedom  (df) 

1 

2 

4 

11 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-1,  df) 

29.31776 

4.67796 

22.62362 

5.40317 

Prob.  Value  of  F 

.11626 

.16304 

.00893 

.04026 

Constant 

.64295 

.80484 

1.00295 

.98849 

Standard  error 

.07123 

.13915 

.02221 

.04390 

Slope 

.24381 

.22793 

.03886 

.04799 

Standard  error 

.04503 

.10538 

.00817 

.02064 

l-ratio 

5.41459 

2.16286 

4.75643 

2.32447 

prob  t 

.11626 

.16304 

.00893 

.04026 

Coi relation  Coefficient  .98337  .83696 

See  Sect'on  4  for  discussion  of  regression  equations  and  units, 

.92182 

.57393 

Table  C-64.  ANOVA  for  load  first  projo  and  pwdr  with  crews  in  MOPP4-S 

Sum  Sq 

DF 

Mean  Sq 

Crew 

.01310 

2 

.07892 

Error 

.00655 

10 

.00789 

Mean  of  Dependent  Variable 

1.07840 

Number  of  Observations 

13 

Total  Sum  of  Squares 

.09202 

.Icsidual  Sum  of  Squares 

.07892 

Std.  Dev.  of  Estimate 

.08884 

R-squared 

.14236 

Adjusted  R-squared 

-.02917 

Degrees  of  Freedom  (df) 

10 

Number  of  Ind  Vars  (K) 

3 

F(K-1,  df) 

,82992 

Prob.  Value  of  F 

46402 

LOAD  FIRST  PROJO  AND  PWDR:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


CREW1 


(No  Data) 


2  3 

4  5  6 

Time  in  MOPP4,  h 

CREW  2  log{task  time)  =  1.10706  +  0.03414  *  time 


2  3 

Time  in  MOPP4,  h 


CREW  3  log(task  time)  =  0.96990  +  0.08022  •  time 

I  I  I  I 


2  3  4  5  6 

Time  in  MOPP4,  h 

Figure  C-65.  Task  limes  with  regression  lines  for  load  first  projo  and  pwdr  in  MOPP4-R. 
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PROJO  AND  PWDR.  CREWS  2  AND  3:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


•e  C-66.  Aggregate  task  time  data  with  regression  line  for  load  first  projo  and  pwdr  in  MOPP4  R 


Table  C-65.  Statistical  summary’  for  load  first  projo  and  pwdr  with  crews  in  MOPP4-R, 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

No  Data 

1.23878 

l.l'lOSl 

1.20438 

Number  of  Observations 

13 

7 

20 

Total  Sum  of  Squares 

.25571 

.18770 

.48734 

Residual  Sum  of  Squares 

.19873 

.12242 

.34138 

Std.  Dev.  of  Estimate 

.13441 

.15647 

.13772 

R-squared 

.22280 

.34782 

.29951 

Adjusted  R-squared 

.15215 

.21738 

.26059 

Degrees  of  Freedom  (df) 

11 

5 

18 

Number  of  Ind  Vars  (Kl 

2 

2 

2 

F(K-1,  df) 

3.15337 

2.66657 

7,69632 

Prob.  Value  of  F 

.10341 

.16340 

.01251 

Constant 

1.10706 

.96990 

1.05862 

Standard  error 

.08302 

.12005 

.05090 

Slope 

.03414 

.08022 

.04482 

Standard  error 

.01923 

.04912 

.01616 

t-ratic 

1.77577 

1.63296 

2.77422 

prob  t 

.10341 

.16340 

.01251 

Correlation  Coefficient 

.47202 

.58976 

-54728 

'See  Section  4  for  discussion  of  regression  equations  and  units. 


Table  C-66.  ANOVA  for  load  first  projo  and  pwdr  W'ith  crews  in  MOPP4-R. 


Sum  S(j 

DF 

Mean  Sq 

.04394 

1 

.44341 

.04394 

18 

.02463 

Mean  of  Dependent  Variable 

1.20438 

Number  of  Ob.servations 

20 

Total  Sum  of  Squares 

,48734 

Residual  Sum  of  Squares 

.44341 

Std.  Dev.  of  Estimate 

,15695 

R-squared 

,09016 

A  <‘4 1 1 1  O  c ^ 

r\nr\r  i 

Degrees  of  Freedom  (df) 

18 

Number  of  Ind  Var'^  (K) 

2 

F(K-1,  df) 

1.78365 

Prob.  Value  of  F 

.19834 

C-101 


C 


LOCK  BREECH  AND  PRIME:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 


CREW  1  log(task  time)  =  0.53296  -  0.00857  » time 


Scenario  Time,  h 


CREW  2  log(task  time)  =  0.98621  -  0.08669  *  time 


2  3 

4  5 

6 

Scenario  Time,  h 

• 

CREW  3  log(task  time)  =  0.53826  +  0.00524  ♦  time 


Scenario  Time,  h 

Figure  C-67.  Task  times  with  regression  lines  for  lock  breech  and  prime  in  BDU. 


::P 


Table  C-67.  Statistical  summary'  for  lock  breech  and  prime  with  crews  in  BDU. 


Crew  1 

Crew  2 

Crew  3  Aggregate 

Mean  of  Dependent  Variable 

.51211 

.73872 

.55257 

.60256 

Number  of  Observations 

52 

54 

53 

159 

Total  Sum  of  Squares 

.34161 

.80985 

.54597 

3.25646 

Residual  Sum  of  Squares 

.33517 

.40154 

.54332 

3.10120 

Std.  Dev.  of  Hstim.ate 

.08187 

.08787 

.10321 

.14054 

R-squared 

.01886 

.50419 

.00485 

.04768 

Adjusted  R-squared 

-.00076 

.49465 

-.01466 

.04161 

Degrees  of  Freedom  (df) 

50 

52 

51 

157 

Number  of  Ind  Vars  (K) 

2 

2 

2 

0 

F(K-l,df) 

.96111 

52.87798 

.24867 

7,86013 

Prob.  Value  of  F 

.33163 

.00000 

.62016 

.00569 

Constant 

.53298 

.98621 

.53826 

.65387 

Standard  error 

.02412 

.03607 

.03201 

.02143 

Slope 

-.00857 

-.08669 

.00524 

-.00105 

Standard  error 

.00874 

.01192 

.01051 

.00038 

t-ratio 

-.98036 

-111  Ml 

.49867 

-2.80359 

prob  t 

.33163 

.00000 

.62016 

.00569 

Correlation  Coefficient 

-.13733 

-.71006 

.06966 

-.21835 

See  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-68.  ANOVA  for  lock  breech  and  prime  with  crews  in  BDU. 

Sum  Sq 

DF 

Mean  Sq 

Crew 

1,55902 

2 

1.69744 

Error 

.77951 

156 

.01088 

Mean  of  Dependen'  Variable 

.60256 

Number  of  Observations 

159 

Total  Sum  of  Squares 

3.25646 

Residual  Sum  of  Squares 

1.69744 

Std.  Dev.  of  Estimate 

.10431 

R-squared 

,47875 

Adju.sted  R-squared 

.47206 

Degrees  of  Freedom  (df) 

156 

Number  of  Ind 

Vars  (K) 

3 

F(K- ! .  df) 

71.63951 

Prob.  Value  of 

F 

.00000 

■*' 
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LOCK  BREECH  AND  PRIME:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


BREECH  AND  PRIME,  ALL  CREWS:  M0PP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


Aggregate  task  time  data  with  regression  line  for  lock  breech  and  prime  in  MOPP4-S 
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Table  C-69.  Statistical  summar>''  for  lock  breech  and  prime  with  crews  in  MOPP4-S. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

.79918 

.79119 

.64735 

.75699 

Number  of  Observations 

20 

17 

13 

50 

Total  Sum  of  Squares 

.12226 

.18741 

.09330 

.61472 

Residual  Sum  of  Squares 

.12165 

.12353 

.08714 

.60342 

Std.  Dev.  of  Estimate 

.08221 

.09075 

.08900 

.11212 

R-squared 

.00492 

.34084 

.06600 

.01838 

Adjusted  R-squared 

-.05036 

.29690 

-.01891 

-.00207 

Degrees  of  Freedom  (df) 

18 

15 

11 

48 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-1,  df) 

.08902 

7.75623 

.77734 

.89875 

Prob.  Value  of  F 

.76885 

.01387 

.39681 

.34787 

Constant 

.77284 

.59031 

.44643 

.69788 

Standard  error 

.09020 

.07541 

.22922 

.06434 

Slope 

.01582 

.16580 

,12470 

.03949 

Standard  error 

.05302 

.05953 

.14144 

.04165 

t-ratio 

.29836 

2.78500 

.88167 

.94802 

prob  t 

.76885 

.01387 

.39681 

.34787 

Correlation  Coefficient  .07015  .58381 

See  Section  4  for  discussion  of  regression  equations  and  units. 

.25691 

.13557 

Table  C-70.  ANOVA  for  lock  breech  and  prime  with  crews  in  MOPP4-S. 

Sum  Sq  DF  Mean  Sq 

Crew 

.21175 

2 

.40296 

Error 

.10588 

47 

.00857 

Mean  of  Dependent  Variable 
Number  of  Observations 
Total  Sum  of  Squares 
Residual  Sum  of  Squares 
Std.  Dev.  of  Estimate 
R-squared 
Adjusted  R-squafed 
Degrees  of  Freedom  (df) 
Number  of  Ind  Vars  (K) 
F(K-1,  df) 

Prob.  Value  of  F 


C-107 


.75699 

50 

.61472 

.40296 

.09259 

.34447 

t  cn 

47 

3 

12.34894 

00005 
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BREECH  AND  PRIME,  CREWS  2  AND  3:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


Table  €-71.  Statistical  summary'  for  !otk  breech  and  prime  with  crews  in  M0PP4-R. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

No  Data 

.85146 

.74975 

.81713 

Number  of  Observations 

53 

27 

80 

Total  Sum  of  Squares 

.96275 

.37342 

1.52124 

Residual  Sum  of  Squares 

.89719 

.32338 

1.28493 

Std.  Dev.  of  Estimate 

.13263 

.11373 

.12835 

R-squared 

.06809 

.13401 

.15534 

Adjusted  R-squared 

.04982 

.09937 

.14451 

Degrees  of  Freedom  (df) 

51 

25 

78 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  dt) 

3.72654 

3.86861 

14.34510 

Prob.  Value  of  F 

.05912 

.06039 

.00030 

Constant 

.78155 

.67780 

.72706 

Standard  error 

.04054 

.04263 

miiB, 

Slope 

.01758 

.03568 

.02717 

Standard  error 

.00911 

.01814 

.00717 

t-ratio 

1.93043 

1.96688 

3.78749 

prob  t 

.05912 

.06039 

.00030 

Correlatioii  Coefficient 

.26095 

.36607 

.39413 

‘See  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-72.  ANOVA  for  lock  breech  and  prime  with  crews  in  MOPP4-R. 


Sum  Sq 

DF 

Mean  Sq 

Crew 

.18508 

1 

1.33617 

Error 

.18508 

78 

.01713 

Mean  of  Dependent  Variable 

.81713 

Number  oi  Obscn'aiions 

80 

Total  Sum  of  Squares 

1.52124 

Residual  Sum  of  Squares 

1.33617 

Std.  Dev.  of  Estimate 

.13088 

R-sqiiared 

.12166 

Adjusted  R-squared 

.11040 

Degrees  of  Freedom  (df) 

78 

Number  of  Ind  Vars  (K) 

2 

F(K-1.  dO 

10.80413 

Prob.  Value  of  F 

.00152 

CREWS:  BATTLE  DRESS  UNIFORM 

regression  with  68  %  confidence  band) 


Table  C-73.  Statistical  summary'  for  fire  with  crews  in  BDLI. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

.41824 

.32327 

.24039 

.32821 

Number  of  Observations 

52 

41 

51 

144 

Total  Sum  of  Squares 

.94805 

.95940 

.99342 

3.71668 

Residual  Sum  of  Squares 

.85752 

.94655 

.99087 

3.65373 

Std.  Dev.  of  Estimate 

.13096 

.15579 

.14220 

.16041 

R-squared 

.09549 

.01339 

.00257 

.01694 

Adjusted  R-squared 

.07740 

-01191 

-.01779 

.01002 

Degrees  of  Freedom  (df) 

50 

39 

49 

142 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-l,df) 

5.27836 

.52934 

.12602 

2.44665 

Prob.  Value  of  F 

.02581 

.47123 

.72412 

.12000 

Constant 

.49687 

.26860 

.25387 

.36245 

Standard  error 

.03874 

.07898 

.04286 

.02565 

Slope 

-.03264 

.01824 

-.00509 

-.00070 

Standard  error 

.01421 

.02507 

.01433 

.00045 

t-raiio 

-2.29747 

nil' 

-.35499 

-1.56418 

prob  t 

.02581 

.47123 

.72412 

.12000 

Correlation  Coefficient 

-.30901 

.11572 

-.05065 

-.13015 

See  Section  4  for  discussion  of  regression  equationc  and  units. 

Table  C-74.  ANOVA  for  lire  with  crews  in  BDU. 

Sum  Sq 

DF 

Mean  Sq 

Crew 

.81581 

2 

2.90087 

Error 

.40790 

141 

.02057 

Mean  of  Dependent  Variable 

.32821 

Number  of  Observations 

144 

Total  Sum  of  Squares 

3.71668 

Residual  Sum  of  Squares 

2.90087 

Std.  Dev.  of  Estimate 

.14343 

R-squarcd 

.21950 

Adjusted  R-squarcd 

.20843 

Degrees  of  Freedom  (df) 

1  1 

1  “T  i 

Number  of  Ind  Vars  (K) 

3 

F(K-1,  df)  19.82657 

Prob.  Value  of  F  .(XXKK) 


0 


0 


0 
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Figure  C-75.  Task  times  with  regression  lines  for  fire  in  MOPP4--S 


.L  CREWS:  MOPP4  -  STANDARD 

regression  with  68  %  confidence  band) 


Table  C-75.  Statistical  summary’  for  fire  with  crews  in  M0PP4-S. 


Mean  of  Dependent  Variable  .65370  .38163 

Number  of  Observations  19  16 

Total  Sum  of  Squares  .30244  .15409 

Residual  Sum  of  Squares  .30057  .08727 

Std.  Dev.  of  Estimate  .13297  .07895 

R-squared  .00618  .43362 

Adjusted  R-squared  -.05228  .39316 

Degrees  of  Freedom  (df)  17  14 

Number  of  Ind  Vars  (K)  2  2 

F(K-1  df)  .10578  10.71823 

Piub.  Value  of  F  -74896  .00554 

Constant  .70040  .17514 

Standard  error  .14680  .06609 

Slope  -02817  .17198 

Standard  error  .08662  .05253 

t-ratio  -.32525  3.27387 

prob  t  -74896  .00554 

Correlation  Coefficient  -.07864  .65850 

See  Section  4  for  discussion  of  regression  equations  and  units. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

.65370 

.38163 

.40315 

.47800 

19 

16 

24 

59 

.30244 

.15409 

.67575 

2.00191 

.30057 

.08727 

.67575 

2.00018 

.13297 

.07895 

M526 

.18733 

.00618 

.43362 

.00000 

.00086 

-.05228 

.39316 

-.04545 

-.01667 

17 

14 

22 

57 

2 

2 

2 

2 

.10578 

10.71823 

.00000 

.04927 

.74896 

.00554 

.99842 

.82513 

.70040 

.17514 

.40329 

.48825 

.14680 

.06609 

.07865 

.05224 

-.02817 

.17198 

-.00006 

-.00555 

.08662 

.05253 

.02918 

.0251’/ 

-.32525 

3.27387 

-.00200 

-.2219' 

.74896 

.00554 

.99842 

.8251: 

-.07864 

.65850 

-.00043 

-.0293‘ 

Table  C-76.  ANOVA  for  fire  with  crews  in  MOPP4-S. 


Sum  Sq 

DF 

Mean  Sq 

.86962 

2 

1.13229 

.43481 

56 

.02022 

Mean  of  Dependent  Variable 

.47800 

Number  of  Observations 

59 

Total  Sum  of  Squares 
Residual  Sum  of  Squares 
Std.  Dev.  of  Estimate 
R-squared 
Adjusted  R-squarcu 
Degrees  of  Freedom  (df) 
Number  of  Ind  Vars  (K) 
F(K-1.  dn 
Prob.  Value  of  F 


2.00191 

1.13229 

.14220 

.43440 

.41420 

56 

3 

21.50462 

.00000 


RRE:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


CREWI 


(No  Data) 


Time  in  MOPP4,  h 


;  CREW  2 

iog(task  time)  -  0.39076  +  0.0C669  •  time  ■  - 

- H - ^ ^ - 

i 

2  3 

Time  in  MOPP4,  h 


Time  in  MOPP4,  h 

Figure  C-77.  Task  times  with  regression  lines  for  fire  in  MOPP4-R 
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CREWS  2  AND  3:  MOPP4  -  ROTATING 

near  regression  with  68  %  confidence  band) 


Table  C-77.  Statistical  summaiy'  for  fire  with  crews  in  M0PP4-R. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

No  Data 

.41676 

.39431 

.40928 

Number  of  Observations 

52 

26 

78 

Total  Sum  of  Squares 

.46063 

.6276! 

1.09698 

Residual  Sum  of  Squares 

.45116 

.62399 

1.08640 

Std.  Dev.  of  Estimate 

.09499 

.16124 

.11956 

R-squared 

.02058 

.00577 

.00965 

Adjusted  R-squared 

.00099 

-.03565 

-.00339 

Degrees  of  Freedom  (df) 

50 

24 

76 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

1.05044 

.13937 

.74018 

Prob.  Value  of  F 

.31034 

.71219 

.39231 

Constant 

.39076 

.41409 

.39043 

Standard  error 

.02859 

.06170 

.02576 

Slope 

.00669 

-.01019 

.00582 

Standard  error 

.00653 

.02729 

.00677 

t-ratio 

1.02491 

-37332 

.86034 

prob  t 

.31034 

.71219 

.39231 

Correlation  Coefficient 

.14345 

-.07598 

.09821 

See  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-78.  ANOVA  for  fire  with  crews  in  MOPP4-R. 

Sum  Sq 

DF 

Mean  Sq 

Crew  .00874 

1 

1.08825 

Error  .00874 

76 

.01432 

Mean  of  Dependent  Variable 

.40928 

Number  of  Obsen'ations 

78 

Total  Sum  of  Squares 

1.09698 

Residual  Sum  of  Squares 

1.08825 

Std.  Dev,  of  Estimate 

.11966 

R-squared 

.00796 

Adjusted  R-squared 

-.00509 

Degrees  of  Freedom  (dO 

76 

Number  of  Ind  Vars  (K) 

2 

F(K-1.  dO 

.61003 

Prob.  Value  of  F 

.43720 

e 
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BREECH,  ALL  CREWS:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 


;; 

H) 

• 
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Table  C-79.  StatislicaJ  summary  for  open  breech  with  crews  in  BDU. 

A 

■  ‘‘-f 

*■  tfei 

Crew  / 

Crew  2 

Crew  3  Agf  regate 

\M) 

Mean  of  Dependent  Variable 

.29424 

.42785 

.28863 

.33160 

•r  •' ' 

X 

Number  of  Observations 

39 

33 

40 

112 

fr  .  t 

■4 

Total  Sum  of  Squares 

.19080 

.16287 

.16699 

,95464 

:■ 

Residual  Sum  of  Squares 

.18978 

.14710 

A3767 

.93027 

' 

Std,  Dev.  of  Estimate 

.07162 

.06889 

.06019 

.09196 

R-squared 

.00533 

.09680 

.17561 

.02553 

.f 

Adjusted  R-squared 

-.02156 

.06767 

.15391 

.01667 

v  -‘.  ' 

::  f 

Degrees  of  Freedom  (df) 

37 

31 

38 

110 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-1,  dO 

.19814 

3.32247 

8.09441 

2.88166 

-v'. 

Prob.  Value  of  F 

.65882 

.07800 

.00712 

.09242 

.2:  iv 

9 

Constant 

.28477 

.48448 

.34112 

.35417 

Standard  error 

.02416 

.03331 

.02076 

.01588 

\:3 

Slope 

.00393 

-.02083 

-.01969 

-.00049 

'  r  ' 

Standard  error 

.00883 

.01 143 

.00692 

.00029 

• 

u 

t-ratio 

.44512 

-1.82276 

-2.84507 

1.69754 

‘•’/.I 

:'r 

prob  t 

.65882 

.07800 

.00712 

.09242 

'''~7 

Correlation  Coefficient 

.07298 

-.31113 

-.41905 

-.15978 

• 

• 

' 

■  ■ 

'See  Section  4  for  discussion  of  regression  equations  and  units. 

■'O 

- 

.- 

Table  C-80.  ANOVA  for  open  breech  with  crews  in  BDU. 

• 

Sum  Sq 

DF 

Mean  Sq 

V,|  ;•  •. 

Crew 

.43398 

2 

.52066 

Error 

.21699 

109 

.00478 

,  ^'i  1 . 

.1-'^ 

Mean  of  Dependent  Variable 

.33160 

• 

Number  of  Observations 

112 

■J 

Total  Sum  of  Squares 

.95464 

Residual  Sum  of  Squares 

.52066 

<,' 

Std.  Dev.  of  Estimate 

.0691! 

■  -i 

R-squared 

.45460 

Adjusted  R 

-squared 

44460 

Degrees  of  Freedom  (dO 

109 

Number  of  Ind  Vars  (K) 

3 

.,"”’..4' 

F(K-1,  df) 

45.42738 

'.'i. 

Prob.  Value  of  F 

.00000 

• 

‘..'r  ‘r 

C-122 

c 

• 

•  • 

•  • 

•  • 

• 

«» 

1 

BREECH,  ALL  CREWS:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


Aggregate  task  time  data  with  regression  line  for  open  breech  in  MOPP4-S. 


Table  C-81.  Statistical  summary'  for  open  breech  with  crews  in  MOPP4-S. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

.376.5? 

.37469 

.40285 

.38632 

Number  of  Observations 

15 

13 

18 

46 

Total  Sum  of  Squares 

.04690 

.05099 

.12876 

.23476 

Residual  Sum  of  Squares 

.03848 

.04207 

.12600 

.22731 

Std.  Dev.  of  Estimate 

.05440 

.06185 

.08874 

.07188 

R-squared 

.17967 

.17477 

.02144 

.03172 

Adjusted  R-squared 

.11656 

.09915 

-.03971 

.00971 

Degrees  of  Freedom  (df) 

13 

11 

16 

44 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-1,  df) 

2.84719 

2.32958 

.35064 

1.44146 

Prob.  Value  of  F 

.11537 

.15516 

.56203 

.23633 

Constant 

.48832 

.28834 

.37910 

.36243 

Standard  error 

.06770 

.05912 

.04523 

.02255 

Slope 

-.06820 

.07290 

.01003 

.01331 

Standard  friror 

.04042 

.04776 

.01694 

.01 108 

t-ratio 

-1.68736 

1.52630 

.59215 

1.20061 

prob  t 

.11537 

.15516 

.56203 

.23633 

Correlation  Co'^fficient  -.42387  .41805 

See  Section  4  for  discussion  of  regression  equations  and  units. 

.14644 

.17810 

Table  C-82.  ANOVA  for  open  breech  with  crews  in  MOPP4-S. 

Sum  6’^ 

DF  Mean  Sq 

Crew 

.00810 

2  .22665 

Error 

.00405 

43  .00527 

Mean  of  Dependent  Variable 

.38632 

Number  of  Observations 

46 

Total  Sum  of  Squares 

.23476 

Residual  Sum  of  Squares 

.22665 

Std.  Dev.  of  Estimate 

.07260 

R-squared 

.03452 

Adjusted  R-squared 

-.01038 

Degrees  of  Freedom  (df) 

43 

Number  of  Ind  Vars  (K) 

3 

F(K-1,  d.T 

.76881 

Prob.  Value  of  F 

.46983 

BREECH,  CREWS  2  AND  3:  MOPP4  -  ROTATJNG 

(Linear  regression  with  68  %  confidence  band) 


.ggregate  task  time  data  with  regression  line  for  open  breech  in 


Table  C-83.  Statistical  summary'  for  open  breech  with  crews  in  MOPP4-R. 


Crew  1 

Crew  2 

Crew  3  Aggregate 

Mean  of  Dependent  Variable  No  Data 

.48430 

.41585 

.46028 

Number  of  Observations 

37 

20 

57 

Total  Sum  of  Squares 

.32451 

.16004 

.54539 

Residual  Sum  of  Squares 

.30367 

.15981 

.48671 

Std.  Dev.  of  Estimate 

.09315 

,09423 

.09407 

R-squared 

.06423 

.00142 

,10759 

Adjusted  R-squared 

.03750 

-.0.5406 

.09137 

Degrees  of  Freedom  (df) 

35 

18 

55 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

2.40246 

.0.  158 

6.63097 

Prob.  Value  of  F 

.13014 

.87471 

.01274 

Constant 

.43599 

.41033 

.40756 

Standard  error 

.03473 

.04041 

.02397 

Slope 

.01184 

.00280 

.01579 

Standard  error 

.00764 

.01751 

.00613 

t-ratio 

1.54999 

.15993 

2.57507 

prob  t 

.13014 

.87471 

.01274 

Correlation  Coefficient 

.25344 

.03767 

.32801 

‘Sec  Section  4  for  discussion  of  regression  equations 

and  units. 

Table  C-84.  ANOVA  for  open  breech  with  crews  in  MOPP4-R, 

Sum  Sq 

DF 

Mean  Sc] 

Crew  .06034 

1 

.48455 

Error  ,06084 

55 

.00881 

Mean  of  Dependent  Variable 

.46028 

Number  of  Observations 

57 

Total  Sum  of  Squares 

.54539 

Residual  Sum  of  Squares 

.48455 

Std.  Dev.  of  Estimate 

.09386 

R-squared 

.11155 

AujurvCCi  iN'SCjUaf^d 

.09540 

Degrees  of  Freedom  (df) 

55 

Number  of  Ind  Vars  (K) 

2 

F(K-1.  df) 

6.90591 

Prob.  Value  of  F 

.01111 
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SWAB  CHAMBER:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 


CREW  1  log(task  time)  =  0.65066  +  0.00853  *  time 


2  3 

Scenario  Time,  h 


Scenario  Time,  h 


0  1  2  3  4  5  6 

Scenario  Time,  h 

Figure  C-85,  Task  limes  with  regression  lines  for  swab  chamber  in  BDU. 
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Aggregate  task  time  data  with  regression  line  for  swab  chamber  in  BDU 


Table  C-85.  Statistical  summary'  for  swab  chamber  with  crews  in  BDU. 


Mean  of  Dependent  Variable 

Crew  1 
.67123 

Crew  2 
.71553 

Crew  3 
.71315 

Number  of  Observations 

39 

38 

Total  Sum  of  Squares 

.15082 

.24415 

.10394 

Residual  Sum  of  Squares 

.14603 

.24097 

.10123 

Std.  Dev.  of  Estimate 

.06282 

.08070 

.05303 

R-squared 

.03180 

.01301 

.02604 

Adjusted  R-squared 

.00564 

-.01367 

-.00102 

Degrees  of  Freedom  (df) 

37 

37 

36 

Number  cf  Ind  Vars  (K) 

2 

2 

2 

F(K-1.  df) 

1.21541 

.48761 

.96239 

Prob.  Value  of  F 

.27738 

.48936 

.33313 

Constant 

.65066 

.74259 

.72918 

Standard  error 

.02120 

.04085 

.01846 

Slope 

.00853 

-.00921 

-.00620 

Standard  error 

.00774 

.01318 

.00632 

t-ratio 

1.10246 

-.69829 

-.98102 

prob  i 

.27738 

.48936 

.33313 

Correlation  Coefficient 

.17834 

-.11405 

-.16136 

'See  Section  4  for  discussion  of  regression  equations  '  units. 


Table  C-86.  ANOVA  for  swab  chamber  with  crews  in  BDU. 


Sum  Sq 

DF 

Mean  Sq 

Crew 

.04826 

2 

.49891 

Error 

.02413 

113 

.00442 

Mean  of  E)ependent  Variable 

.69986 

Number  of  Observations 

116 

Total  Sum  of  Squares 

.54717 

Residual  Sum  of  Squares 

.49891 

Std  Dev.  of  Estimate 

.06645 

R-squared 

.08820 

Adjusted  R-squared 

.07206 

Degrees  of  Freedom  (df) 

113 

Number  of  Ind  Vars  (K) 

3 

F(K-1,  df) 

5.46504 

Prob.  Value  of  F 

00543 

Aggregate 

.69986 

116 

.54717 

.54716 

.06928 

.00001 

-.00876 

114 

2 

.00150 

.96921 

.70026 

.01215 

-.00001 

.00022 

-.03869 

.96921 

-.00362 


SWAB  CHAMBER:  M0PP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


SWAB  CHAMBER,  ALL  CREWS:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


Table  C-87,  Statistical  summary'  for  swab  chamber  with  crews  in  M0PP4-S. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

.79976 

.80175 

.88701 

.83446 

Number  of  Observations 

15 

13 

18 

46 

Total  Sum  of  Squares 

.12854 

.02650 

.08861 

.32533 

Residual  Sum  of  Squares 

.12384 

.02370 

.05212 

.22593 

Std.  Dev.  of  Estimate 

.09760 

.04642 

.05708 

.07166 

R-squared 

.03660 

.10557 

.41179 

.30553 

Adjusted  R-squared 

-.03751 

.02426 

.37503 

.28975 

Degrees  of  Freedom  (df) 

13 

11 

16 

44 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-1,  df) 

.49388 

1.29835 

11.20122 

19.35782 

Prob.  Value  of  F 

.49459 

.27872 

.00409 

.00007 

Constant 

.71614 

.75328 

.80058 

.74706 

Standard  error 

.12162 

.04444 

.02912 

.02250 

Slope 

.05095 

.04084 

.03645 

.04860 

Standard  error 

.07250 

.03584 

.01089 

.01 105 

t-ratio 

.70277 

1.13945 

3.34682 

4.39975 

prob  t 

.49459 

.27872 

.00409 

.00007 

Correlation  Coefficient 

.19131 

.32492 

.64171 

.55275 

‘See  Section  4  for  discussion  of  regression  equations  and  units. 


Table  C-88.  ANOVA  for  swab  chamber  with  crews  in  MOPP4'S. 


Sum  Sq 

DF 

Mean  Sq 

Crew 

.08168 

2 

.24365 

Error 

.04084 

43 

.00567 

Mean  of  Dependent  Variable 

.83446 

Number  of  Observations 

46 

Total  Sum  of  Squares 

.32533 

Residual  Sum  of  Squaies 

.24365 

Std.  Dev.  ol  Estimate 

.07528 

R-squared 

.25106 

Adjusted  R-squared 

.21622 

Degrees  of  Freedom  (df) 

43 

Number  of  Ind  Vars  (K) 

3 

F(K-1.  df) 

7.20717 

Prob.  Value  of  F 

.00200 

SWAB  CHAMBER,  CREWS  2  AND  3:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  cenfidence  band) 


Tablp  C-89.  Statistical  summary'  for  swab  chamber  with  crews  in  MOPP4-R. 


Crew  I 

Crew  2 

Crew  j  Aggregate 

Mean  of  EJependcnt  Variable  No  Data 

.87553 

.79166 

.84710 

Number  of  Observations 

39 

20 

59 

Total  Sum  of  Squares 

.24923 

.19465 

.53687 

Residual  Sum  of  Squares 

.21637 

.18200 

.42857 

Sid.  Dev.  of  Estimate 

.07647 

.10055 

.08671 

R-squared 

.13184 

.06499 

.20173 

Adjusted  R-squared 

.10837 

.01304 

.18773 

Degrees  of  Freedom  (df) 

37 

18 

57 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1.  df) 

5.61872 

1.25105 

14.40443 

Prob.  Value  of  F 

.02309 

.27806 

.00036 

Constant 

.81841 

.75045 

.77720 

Standard  error 

.02703 

.04317 

.02160 

Slope 

.01440 

.02089 

.02124 

Standard  error 

.00607 

.01868 

.00560 

t-ratio 

2.37038 

1.11850 

3.79532 

prob  t 

.02309 

.27806 

.00036 

Con-eiaticn  Coefficient 

.36309 

.25492 

.44914 

See  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-90.  ANOVA  for  swab  chamber  with  crews  in  MOPP4-R. 

Sum  Sq 

DF 

Mean  Sq 

Crew  .09299 

1 

.44388 

Error  .09299 

57 

.00779 

Mean  of  Dependent  Variable 

.84710 

Number  of  Observations 

59 

Total  Sum  of  Squares 

.53687 

Residua!  Sum  of  Squares 

.44388 

Std.  Dev.  of  Estimate 

.08825 

R-squared 

.17321 

Adjusted  R-squared 

.15871 

Degrees  of  Freedom  (df) 

57 

Number  of  Ind  Vars  (K) 

2 

F(K-1.  df) 

11.94156 

Prob.  Value  of  F 

.00104 

C-137 


CHECK  SIGHT:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 


CHECK  SIGHT,  ALL  CREWS:  BATTLE  DRESS  UNIFORM 

(Linea*'  regression  with  68  %  confidence  band) 


Table  C  9i.  Statistical  summary'  for  check  sight  with  crews  in  BDU. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

.81237 

.56223 

.75425 

.73909 

Number  of  Observations 

14 

7 

14 

35 

Total  Sum  of  Squaies 

.25118 

.12583 

.50433 

1.17870 

Residual  Sum  of  Squares 

.24038 

.08229 

.30697 

1.14053 

Std,  Dev.  of  Estimate 

.14153 

.12829 

.15994 

.18591 

R-squared 

.04302 

.34598 

.39133 

.03238 

Adjusted  R-squared 

-.03673 

.21517 

.34060 

.00306 

Degrees  of  Freedom  (df) 

12 

5 

12 

33 

Number  of  Irid  Vars  (K) 

2 

2 

2 

2 

F(K-1.  df) 

.53942 

2.64498 

7.71499 

1.10445 

Prob.  Value  of  F 

.47678 

.16481 

.01673 

.30093 

Constant 

.75671 

.31705 

.99753 

.80549 

Standard  error 

.08469 

.15836 

.09746 

.07056 

Slope 

.02217 

.07964 

-.08882 

-.00666 

Standard  error 

.03018 

.04897 

.03198 

.00634 

t-ralio 

.73445 

1.62634 

-2.77759 

-1.0.5093 

prob  t 

.47678 

.16481 

.01673 

.30093 

CoiTclation  Coefficient 

.20741 

.58820 

-.62556 

-.17996 

See  Section  4  for  discus.sion  of  regres.sion  equations  and  units. 

Table  C-92.  ANOVA  for  check  sight  with  crews  in  BDU. 

Swn  Sq 

DF 

Mean  Sq 

Crew 

.29736 

2 

.88134 

Error 

.14868 

32 

.02754 

Mean  of  Dcftcndenl  Variable 

.73909 

Number  of  Observations 

35 

Total  Sum  of  Squares 

1.17870 

Residual  Sum  of  Squares 

.88134 

Std.  Dev.  of  Estimate 

.16596 

R-squared 

.25228 

Adjusted  R-squaied 

.20554 

Degrees  of  Freedom  (di) 

32 

Number  of  Ind 

Var:.  (K) 

3 

F(K-1,  df) 

5,39826 

Prob.  Value  of 

F 

.00955 
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CHECK  SJGHT:  M0PP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 
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Figure  C-93  Task  times  with  regression  lines  for  check  sspht  in  MOPP4-S, 
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Table  C-93.  Statistical  suimriaiy'  for  check  tht  with  crcv/s  in  MOP!" 


it 


Crew  I 

Crew  2 

Crcjv  .3 

Mean  of  Dependent  Variable 

.85579 

1.06344 

.98564 

Number  of  Observations 

3 

4 

6 

Total  Sum  of  Squares 

.05325 

.04565 

.19137 

Residual  Sum  of  Squares 

.04757 

.03542 

.10509 

Std.  Dev.  of  Estimate 

.21809 

.13308 

.16209 

R -.squared 

.10684 

.22408 

.45085 

Adjusted  R-squarcd 

-.78633 

-.16389 

.31357 

Degrees  of  Freedom  (df) 

1 

2 

4 

Nunjber  of  Ind  Vais  (K) 

2 

a 

F(K-1.  dO 

.11961 

.57757 

3.28403 

Prob.  Value  of  F 

.78802 

.52663 

.14418 

Constant 

1 ,09435 

.90034 

1 .23069 

Stand  aid  error 

.70117 

.22469 

.15055 

Sloiw 

-.15875 

.1307/ 

-.10085 

Standard  error 

.43‘X)2 

.17206 

.05565 

t-ratio 

-.34585 

.75998 

-1.81219 

piob  t 

.78802 

.52663 

.14418 

(.'otTciation  Coefficient 

•  .32686 

.47337 

-.67146 

'Sec  Section  4  tor  di.sctission  of  regrcs.sion  equations  and  miit.s. 

3'able  C-94.  ANOVA  for  check  .sight  with  crews  in  MOPr’4  S. 

Sum  Si) 

DF 

Mean  !iq 

Crew 

,07432 

aL 

,29027 

Etrtyr 

.03716 

10 

.02903 

Mean  of  Dependent  Variable 

.’>7961 

Number  of  Oh.scrvations 

i3 

Total  .Sum  of  Squares 

.3''v46G 

Residual  Sum  of  Squares 

.2902:' 

Std,  Dev.  of  E.siinuuc 

.17037 

R-squared 

.20385 

Adjusted  R- 

squared 

.t4462 

Degrees  of  Freedotu  (dll 

R) 

Number  of  ind  Vars  (K) 

3 

F(K-1,  df) 

1 .28024 

Prob.  Value 

of  1- 

.31987 

Aggrefiah- 

.97961 

13 

.36460 

.30762 

.16723 

.15628 

.07958 

11 

2 

2.03754 

.18122 

i. 10158 
.09722 

-.06585 

.04613 

-1.42743 

.18122 

.39533 
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CHECK  SfGHT:  l^0PP4  ROTATING 

(Linear  regression  with  58  %  confidertce  band) 
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Figure  C-95.  Task  times  with  regression  lines  for  check  sight  in  MOPF4-R. 
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CHECK  SIGHT,  CREWS  2  AND  3:  MOPP4  -  ROTATJNG 

(Linear  regression  with  68  %  confidence  band) 


Table  C-95.  Statistical  summary'  for  cfoeck  eight  with  crews  in  MOPP4-R. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

No  Data 

.60965 

1.02137 

.78978 

Number  of  Observations 

9 

7 

16 

Total  Sum  of  Squares 

.33746 

.05594 

1.06086 

Residual  Sum  of  Squares 

.27898 

.05229 

.72146 

Std.  Dev.  of  Estimate 

.19963 

.10227 

.22701 

R-squared 

.17332 

.06521 

.31993 

Adjusted  R-squared 

.05522 

-.12175 

.27135 

Degrees  of  Freedom  (df) 

7 

5 

14 

Number  of  Ind  Va-^i  (K) 

2 

2 

2 

F(K-1.  df) 

)  46758 

.34879 

6.58615 

Prob.  Value  of  F 

.26503 

.58048 

.02240 

Constant 

.78102 

.98136 

1.03270 

Standard  error 

.156.33 

.07799 

.11037 

Slofie 

-.04105 

.01893 

-.07421 

Standard  error 

.03388 

.03205 

.02892 

t-ratio 

-1.21144 

.59059 

-2.56635 

prob  t 

.26503 

.58048 

.02240 

CoiTclation  Coefficient 

-.41631 

.25536 

-.56562 

‘See  Section  4  for  discussion  of  regression  equations  and  units. 


Table  C-96,  ANOVA  for  check  sight  with  crews  in  MOPP4-R. 


Sum  Sq 

DF 

Mean  Sq 

Crew 

.66746 

1 

,39340 

Error 

.66746 

14 

,02810 

Mean  of  Dependent  Variable 

.78978 

Number  of  Observations 

16 

Total  Sum  of  Squares 

1.06086 

Residual  Sum  of  Squares 

.39340 

Std.  Dev.  of  Estimate 

.16763 

R-squared 

.62917 

Adjusted  R' squared 

.60268 

Degrees  of  Freedom  (df) 

14 

Number  of  Ind  '^ars  (K) 

2 

F{K-1.  df) 

23,75276 

Prob.  Value  of  F 

.00025 

C-146 


Tabic  C-97.  Statistical  summaiy'  for  Iwgjn  raload  with  crews  in  BDU. 


Mean  of  Dependent  Variable 

Crew  1 
1.93625 

Crew  2 
.18125 

Crew  3 
.41641 

Aggregate 

.84824 

Number  of  Observations 

40 

40 

39 

119 

Total  Sum  of  Squares 

124.08950 

19.17803 

42.57849 

258.26430 

Residual  Sum  of  Squares 

120.79240 

19.09668 

42.57661 

257.37090 

Std.  Dev.  of  BsUinate 

1.78290 

.70890 

1.07272 

1.48316 

R-squared 

.02657 

.00424 

.00004 

.00346 

Adjusted  R-squared 

.00095 

-.02196 

-.02698 

-.G0506 

Degrees  of  Freedom  (df) 

38 

38 

37 

117 

Number  of  ind  Vars  (K) 

2 

2 

2 

2 

F(K-],  df) 

1.03723 

.16188 

.00163 

.40613 

Prob,  Value  of  F 

.31491 

.68969 

.96800 

.52518 

Constant 

1.39498 

.31141 

.42973 

.70707 

Standard  error 

.60161 

.34238 

.37175 

.25991 

SlC'VE 

.22273 

-.04493 

-.00507 

.0029{) 

Siandard  error 

.21870 

.11166 

.12546 

.00456 

t-ratio 

1.01845 

-.40234 

-.04039 

,63729 

prob  t 

.3!491 

.68969 

.96800 

.52518 

Coneiation  Coefficient 

.16300 

-.06513 

-.00664 

.05882 

'See  Section  4  for  discussion  of  regression  equations  and  units. 
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Table  C-98.  ANOVA  for  begin  rclt^ad  with  crews  in  BDU. 


Sum  Sq 

DF 

Mean  Sq 

Crev/ 

72.41825 

2 

185.84610 

Ernjr 

36.20913 

116 

1.60212 

Meaji  uf  Dependent  Variable 

84824 

Number  ol'  Observations 

119 

Total  Sum  of  Squares 

258.26430 

Residual  Sum  of  Squares 

185.84610 

Std,  Dev.  of  Estimate 

i  .26.575 

R-squared 

,28040 

Adjusted  R-squared 

,268(K) 

Degrees  of  Freedom  (df) 

116 

Number  of  Ind  Var.s  (K) 

3 

F(K-1,  df) 

22.50074 

Prob.  Value  of  F 

.CXXXX' 
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Table  C-99.  Statistical  sunimary'  for  begin  reload  with  crews  in  MOPP4-S. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  .Dependent  Variable 

4.08733 

6.46636 

4,11389 

4.69,295 

Number  of  Observations 

15 

11 

18 

44 

Total  Sum  of  Squares 

240.42860 

217.96380 

227.90820 

732.43280 

Residual  Sum  of  Squares 

211.85450 

215.98550 

177.02070 

727.43930 

Std.  Dev.  of  Estimate 

4.03689 

4.89882 

3.32623 

4,16173 

R-squared 

.H885 

.00908 

.22328 

.00682 

Adjusted  R-squared 

.05107 

-.10103 

.17474 

-.01683 

Degrees  of  Freedom  (df) 

13 

9 

16 

42 

Number  r-f  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-1.  df) 

1.75339 

.08243 

4.59946 

.28831 

Prob.  Value  of  F 

.20826 

.78053 

.04768 

.59414 

Constant 

10.60359 

4.99067 

.88656 

4.06297 

Standard  error 

5.03024 

5.34779 

1.69682 

1.33050 

Slope 

-3.97056 

1.29154 

1.36127 

.34710 

Standard  error 

2.99856 

4.49836 

.63m 

.64643 

t-ratio 

-1. 32416 

.28711 

2.14463 

.53694 

prob  t 

,20826 

.78053 

.04768 

.59414 

Correlation  Coefficient 

-.34474 

.09527 

.47253 

.08257 

‘See  Section  4  for  discussion  of  regression  equations  and  units. 


Tabic  C-llXl,  ANOVA  for  begin  reload  with  crew.s  in  MOPP4-S. 


Sum  Sq 

DF 

Mean  Sq 

Civ.w 

46.13214 

2 

686.30070 

Error 

23,06607 

41 

16.73904 

Mean  of  Deirendent  Variable 

4.6"79.5 

Number  of  Observations 

44 

Total  Sum  of  Squares 

732.43280 

Residual  Sum  of  Squares 

686.30070 

Std,  Dev.  of  Estimate 

4.09134 

R-squared 

.06298 

Adjusted  R  squared 

,01728 

Degrees  of  Freedom  (df) 

41 

Number  of  Ind  Vars  (K) 

3 

F(K-1.  df) 

1.37798 

Prob.  Value  of  F 

.26352 
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BEGiiN  RELOAD:  MOPP4  -  ROTATING 

(Linear  regression  wilh  68  %  confidence  band) 
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Fixture  C-101.  Task  times  with  regiession  lines  for  Iwgin  reload  in  MOPP4-R. 
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BEGSN  RELOAD,  CREWS  2  AND  3:  *ySOPP4  «  ROTATING 

(Linear  regression  with  68  %  confidence  barid) 


regression  line  for  begin  reload  in  MOPP4-R 


Table  C-101.  Statistical  summary'  for  begin  reltjad  witli  crews  in  M0PP4-R. 


Crew  ] 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

No  Data 

5.09125 

2.40150 

4.19467 

Number  of  Obsei-vations 

40 

20 

60 

Total  Sum  of  Squares 

631.18020 

293.68540 

1021.32900 

Residual  Sum  of  Squares 

626.25200 

272.69470 

1003.47500 

Std.  E>ev.  of  Estimate 

4.05960 

3.89226 

4.15948 

R-squared 

.00781 

.07147 

.01748 

Adjusted  R-squared 

-.03830 

.01989 

.00054 

Degrees  of  Freedom  (df) 

38 

18 

58 

Number  of  Ind  Vars  (K) 

2. 

2 

2 

F(K-i,df) 

.29903 

1.38555 

1.03192 

Prob.  Value  of  F 

.58769 

.25449 

.31393 

Constant 

5.77040 

.72262 

3.30879 

Standard  error 

1.39802 

i. 67086 

1.02414 

Slope 

-.17366 

.85311 

.27135 

Standard  etror 

.31757 

.72306 

.26712 

t-ratio 

-.54684 

1.17710 

1.01583 

prob  t 

.58769 

.25449 

.31393 

Correlation  Coefficient 

-.08836 

.26735 

.13221 

'See  Section  4  tor  discussion  of  regression  equations  and  units. 


Table  C-102  ANOVA  for  begin  reload  with  crews  in  MOPP4-R. 


jt'wi  Sq 

96.46339 

9.6.46339 


Meiin  Sq 
924.86660 
15.94596 


Mean  of  Defieiident  Variable 
Number  of  Observations 
Total  Sum  of  Squares 
Residual  Sum  of  Squares 
3td.  Dev,  of  Estimate 
R-squared 
Adjusted  R-squared 
Degrees  of  Freedom  (dD 
Number  of  Ind  Va.:.'  (K) 
F(K-1,  dl) 

Prob.  Value  of  F 


4.19467 

60 

1021.32900 

924.86560 

3.99324 

,09445 

.07884 

.58 

2 

6.04939 

.01691 
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RELOAD  POWDER:  BATTLE  DRESS  UNSFORy 

{Linear  regression  with  68  %  confidence  band) 
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Figure  C-i03,  Task  limes  with  negrcssiou  lines  for  reload  powder  in  BDU. 
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Tabic  C-103.  Statistical  summary'  for  reioad  powder  with  crews  in  BDU, 


Crsw  i 

Crew  2 

Crew  J 

Aggregate 

Mean  of  Dependent  Variable 

No  Data 

.66674 

,70061 

.68367 

Number  of  Obscrv’ations 

40 

40 

80 

Total  Sum  of  Squares 

.30567 

.31980 

.6484?. 

Residual  Sum  of  Squares 

.30528 

.29206 

.64144 

Std,  Dev.  of  Estimate 

.08963 

.08767 

,09068 

R-squared 

.00129 

.08675 

,01077 

Adjusted  R-squared 

-.02500 

.06272 

-.00191 

Degrees  of  Freedom  (df) 

38 

38 

78 

Number  of  ind  Vars  (K) 

2 

2 

2 

F(K-1,  dD 

.<M8'92 

3.60980 

.84923 

Prob.  Value  of  F 

.82614 

.06505 

.35961 

Constant 

.65798 

.75172 

.69873 

Standard  error 

.0^1203 

.03026 

.01923 

Slope 

.00308 

-.01915 

.00031 

Standard  error 

.01392 

.01008 

.00034 

t-ratio 

.22117 

-1.89995 

-.92154 

prob  t 

.82614 

.06505 

.35961 

Correlation  Coefficient 

.03586 

-.29454 

-.10378 

See  Section  4  for  discussion  of  regression  equations  and  units. 

Tfibie  C-104.  ANOVA  for  reloud  powder  with  crews  in  BDll. 

Sum  Sg 

DF 

Mean  Sq 

Crevr  .02295 

1 

.62548 

Error  ,02295 

78 

.00802 

Mean  of  Dependent  V  ariable 

.68367 

Number  of  Observatioas 

80 

Total  Sum  of  Squares 

.M842 

Residual  Sum  of  Squares 

.62548 

Std.  Dev  of  Esiimatc 

.08955 

R-squared 

.03539 

Adjusted  R-squared 

.02302 

Degrees  of  Freedom  (df) 

78 

Number  of  Ind  Vars  (K) 

2 

F(K-1,  df) 

2.86148 

Prob.  Value  of  F 

.09472 

Tgsk  lirne,  s  Task  time,  t  Task  time,  s 


RELOAD  POW'ER:  MOPP4  -  STA?3DARD 


(Linear  regressron  with  S8  %  confidence  banc!) 

100  p  I  — — 1 — 1 — T — ^ r— 1 — 1 1 

'rCREVSfl  ^ 


0  12  3  4  5  6 


Time  in  MOPF’4,  h 


0  12  3  4  6  6 


Time  in  MOPP4,  h 


Time  in  MOPP4,  h 

F'igure  C-105.  Tasl  times  with  regression  lines  for  reload  powder  in  MOPP4  S. 


RELOAD  POWDER,  CREWS  2  AND  3:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


Figure  C-106.  Aggregate  task  time  data  with  regression  line  for  reload  powder  in  ViOPP4-S. 


Table  C-105.  Statistical  sunimary'  for  reload  powder  with  crevvs  in  MOPP4-S. 


Crew  1 

Crew  2 

Crtw  3  Aggregate 

Mean  of  Dependent  Variable  No  Data 

.73499 

.90877 

.84558 

Number  of  Observations 

8 

14 

22 

Total  Sum  of  Squares 

.01385 

.02971 

,19730 

Residua).  Sum  of  Squares 

.01 178 

.02321 

.10580 

Std.  Dev.  of  Estimate 

.04431 

.04398 

.07273 

R-squared 

.14912 

.21891 

.46375 

Adjusted  R-squared 

.00730 

.15382 

.43693 

Degrees  of  Freedom  (di^ 

6 

12 

20 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

1.05151 

3.36321 

17.29585 

Prob.  Value  oi  F 

.34471 

.09157 

.00049 

Constant 

.53653 

.86922 

.75695 

Standard  error 

.19417 

.02456 

.02636 

Slope 

.25579 

.01600 

.04777 

Standard  error 

.24944 

.00872 

.01 149 

t-ratio 

1.02543 

1.83391 

4.15883 

prob  t 

.34471 

.09157 

.00049 

Correlation  Coefficient 

.38616 

.46788 

.68099 

Sec  Section  4  for  disco.ssion  of  regression  equations  and  units. 

Table  C-100.  ANOVA  for  reload  powder  with  crews  in  MOPP4-S. 

Sum  Sq 

DF 

Mem  Sq 

Crew  .  1  ,'5374 

I 

.04356 

EiTor  .lf'374 

20 

.002 1 8 

Mean  of  Dependent  Variable 

.84558 

Number  of  Observations 

22 

Total  Sum  of  Squares 

,197.30 

Residual  Sum  of  Squart.s 

.04356 

Std.  Dev.  of  Estimate 

.04667 

R-squared 

.77923 

Adjustfid  R-squared 

.76819 

Degrees  of  Freedom  fdO 

20 

Number  of  Ind  Van;  (K) 

2 

F(K-1,  df) 

70.59100 

Prob.  Value  of  F 

.0(X)00 

C-161 


ask  time, 


Table  C- 107.  StatistiLal  s'jniinei>'  for  reined  powder  with  crews  in  MOFP4-R 


Crew  1  Crew  2 

Crew  3 

Ags^regate 

Mean  of  Dependent  Vaiiabie 

No  Data  .82212 

.78507 

'.81093 

Nuinf>er  of  Observations 

16 

53 

Total  Sum  of  Squanes 

.24394 

.08917 

.34843 

Residual  Sum  of  Squares 

.16764 

.04970 

.22790 

Std.  Dev.  of  Estiinate 

.06921 

.05958 

.06685 

R-squarsd 

.31276 

.44269 

.,34593 

Adjusted  R-squared 

.29313 

.40289 

.53310 

.Degrees  of  Freedom  (df) 

35 

14 

51 

Nunibcr  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

25.92867 

11.12086 

26.97329 

Preb.  Value  of  F 

.0{X132 

.00491 

.0000<9 

Constant 

.73972 

.73810 

Standard  error 

.023.57 

.027.52 

.01676 

Slope 

.02226 

.04544 

.02352 

Standard  error 

.00558 

.01363 

0045.1 

t-ratio 

3.99107 

3.-33479 

5.1,9358 

prob  t 

.00032 

.00491 

00000 

Correlation  Coefficient 

.55925 

.66535 

.58816 

See  Section  4  for  di.scussion  of  regression  equations  and  units. 

Table  C-108.  ANOV.A  for  reload  powder  with  crews  in  MOPP4-R, 

Sum  Sq 

DF 

Mean  Sq 

Crew  .01532 

1 

,3331! 

EtTor  .01532 

51 

.00653 

Mean  of  Dependent  Vaiiabie 

.81093 

Number  of  Obseivation.s 

.53 

Total  Sum  of  Squares 

.34843 

Residual  Sum  of  Squares 

.333)1 

Std.  Dev.  of  F-stimate 

.08082 

R-squared 

.04398 

Adjusted  R-squaied 

.02524 

Degrees  of  f-rcedom  (df) 

51 

Number  of  Ind  Vans  (K1 

2 

F(K-i,  df) 

Pro!)  Value  of  F 


2.34629 

.13176 


RELOAD  PROJO  AND  PWDR,  ALL  CREWS:  BDU 

(Linear  regression  with  68  %  confidence  band) 


Table  C-109,  Statistical  suimnaiy’  for  reload  projo  and  pwdr  with  crews  in  BDU. 


Crew  1 

Cre  w  2 

Crew  3  Aggregate 

Mean  of  Dependent  Vaiiablc 

.86456 

.90441 

8.5919 

.87606 

Number  of  Observations 

40 

40 

40 

120 

Total  Sum  of  Squares 

.17413 

.19653 

.19750 

.61698 

Residual  Sum  of  Squares 

.17334 

.19314 

.18057 

.60598 

Std.  Dev.  of  Estimate 

.06754 

.07129 

.06893 

.07166 

R-squared 

.00457 

mill 

.08568 

.01782 

Adjusted  R-sqnarcd 

-.02163 

-.00859 

.06162 

.00950 

Degrees  of  Freedom  (df) 

38 

38 

38 

118 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-1,  df) 

.17442 

.66797 

3.56104 

2.14135 

Prob.  Value  of  F 

.67857 

.41885 

.06681 

.14603 

Constant 

.87297 

.93012 

.89910 

.89151 

Standard  error 

.02279 

.03342 

.02379 

.01242 

Slope 

-.00346 

-.00905 

-.01496 

-.00032 

Standard  error 

.00828 

.01107 

.00793 

.00022 

t-ratio 

-.41763 

-.81730 

-1.88707 

-1.46334 

prob  t 

.67857 

.41885 

.0668! 

.14603 

Correlation  Coeffu  ient 

-.06759 

-.13143 

-.29272 

-.133.51 

Sec  Section  4  for  discussion  of  regression  equations 

and  units. 

Table  C-110.  ANOVA  for 

reload  projo  and  pwdr  with  crews  in  BDU. 

Sum  Sq 

DF 

Mean  Sq 

Crew 

.04882 

2 

.56816 

Error 

.02441 

117 

.00486 

Mean  of  Dependent  Variable 

.87606 

Number  of  Observations 

120 

Total  Sum  of  Squares 

.61698 

Residual  Sum  of  Squares 

.56816 

Std.  Dev.  of  Es 

timatc 

.06969 

R-squared 

.07913 

Adjusted  R-squared 

.06339 

Degrees  of  Frecuuii!  (uO 

ii7 

Number  of  Ind  Vars  (K) 

3 

F{K-1,  dO 

5.02698 

Prob.  Value  of  F 

.00805 
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RELOAD  PROJO  AND  PWDR,  ALL  CREWS:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 
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MOPP4-S. 

e 

(*) 

'-4 

-1 

Tabic  C-]  11.  Statistical  summary' 

for  reload  projo  and  pwdr  with  crews  in 

tKl 

Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

.93309 

.98588 

1.08078 

1.002.50 

A 

.  '•? 

■ 

Number  of  Observations 

15 

8 

15 

38 

w 

Total  Sum  of  Squares 

.02105 

.00^135 

,02849 

.22528 

Residual  Sum  of  Square.*; 

.01382 

.00933 

.01909 

,15834 

Std.  Dev.  of  Estimate 

.03260 

.03944 

.03832 

.06632 

R-squared 

.34.34S 

.00221 

.33000 

.29714 

Adjusted  R-squared 

.29298 

-.  16408 

.27846 

.27761 

# 

Degrees  of  Freedom  (df) 

13 

6 

13 

36 

Number  of  Ind  Vars  (K) 

2 

2 

2 

0 

F(K-1,  df) 

6.80146 

01332 

6.40295 

15.21901 

Prob.  Value  of  F 

.02168 

.91189 

.0251! 

.00040 

Constant 

.83249 

1.00571 

1.03479 

.93322 

Standard  error 

.03948 

.17241 

.02069 

.ourn 

F  •  • 
'■ 

Sloi>e 

.06322 

-.02560 

.01903 

.03970 

Standard  eiToi 

.02424 

.22182 

,00752 

.01018 

(D 

f 

■■ . 

t- ratio 

2.60796 

-.11.540 

2..53041 

3.901 1.5 

a 

; 

prob  1 

.02168 

.91189 

.02511 

.00040 

Correlation  Coefficient 

.58607 

-.04706 

.57446 

.54510 

« 

9 

'Sec  Section  4  for  discussion  of  regression  cquation.s  and  units. 

"  J 

Table  C-l  12.  ANOVA  for  reload  projo  and  pwdr  with 

crcv;s  in  MOPP4-S. 

Sum  Sq 

DF 

Mean  Sq 

O 

i' 

1  Crew 

.16640 

2 

.05889 

] 

I  Error 

.08320 

35 

,00168 

j  Mean  of  Dependent  Variable 

1 ,00250 

i  Number  of  Obscivations 

38 

V 

Total  Sum  of  Square.s 

.22.528 

-  1? 

j  Residual  Sum  of  Squares 

.05889 

i^'  -f 

Std.  Dev.  of  Estimate 

.1/4102 

[.g 

ra 


r-« 


i:t 


J 
H 


R-squaicd 
AdjliStcd  R-SqUiucd 
Degrees  ot  Freedom  (df) 
Number  of  Ind  Vars  (K) 
F(K-1,  dO 
Prob.  Value  of  F 


.73860 

.72367 

35 

3 

49.44798 

.(XXKK) 
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IftELOAD  PROJO  AND  PWDR:  MOPP4  -  ROTATING 
(Linear  regression  with  68  %  confidence  band) 
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Fijiuie  C-1  i?.  Task  limes  with  regression  lines  for  reload  projo  and  pwdr  in  MOFl'4  R 


Aggregate  task  time  data  with  regression  line  for  reload  projo  aiid  pH'dr  in  MOPP4-R 
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Table  C-ilJ.  Statistical  sumiriary’  for  reload  proju  and  pwdr  with  crews  jn  MOPP4-R, 


1.02226 

52 

.27397 

.22502 

.06709 

.17365 

.16222 

50 

2 

10.87509 

.00180 

.97617 

.01679 

.01505 

.00457 

3.29774 

.00180 

.42267 


Crew  1 

Crciv  2 

Crew  3 

Mean  of  Dependent  Vanable  No  Data 

1.0321.6 

.99998 

Numl?«r  of  Obse.rvation,s 

36 

16 

Total  Sam  of  Squares 

.152-..0 

.11020 

Residual  Sum  of  Squ^ircs 

.13018 

.08439 

Std.  Dev.  of  HsUrntT, 

.06188 

.07764 

R-squared 

.14520 

.23419 

Adjusted  R-squared 

.12006 

.17949 

Decrees  of  freedom  (df) 

34 

14 

Number  of  Ind  Vars  (.K) 

2 

F{K- 1,  df) 

5.77522 

4.23141 

Pr.  b.  Value  of  F 

.02186 

.05752 

Coiista:it 

.98800 

.93815 

Standard  error 

.02107 

.03564 

Slr,,e 

.01202 

.03671 

Standard  enor 

.00500 

.01774 

t -ratio 

2.40317 

2,06916 

prcl>  t 

.02186 

.05752 

C''rreIation  Coefficient 

.38105 

48394 

Section  4  for  discusc.'cn  of  regiession  equations  and  units. 

fable  C-1 14.  ANOVA  for  reload  projo  and  pwdr  with  crews  in  MOP' 

Sum  Sq 

DF 

Mean  Sq 

Crew  .01146 

1 

.26250 

E.iTor  .01146 

50 

.0052.5 

Mean  of  Dependent  Variable 

1.02226 

Number  of  Observations 

52 

Total  Sum  oi  Squares 

.27397 

Residual  Sum  of  Squares 

.26250 

Std.  Dev.  cf  rlstiniaie 

.07246 

R-squartd 

.04185 

Adjusted  R  -squart  ^ 

.02268 

Degrees  of  Fresclom  (df) 

50 

Niuncer  of  Ind  Viirs  'K) 

2 

F(K-i,  df) 

2.18370 

Preb.  V.;!ue  of  F 

,14575 

«  4 
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LAST  OPEN  BREECH:  BATTLE  DRESS  UNIFORI 

(Linear  regression  with  68  %  confidence  band) 
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Figure  C-1 15.  Task  limes  vvith  re<';  -.ssion  lines  for  lalt  open  breech  in  BDU. 
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Table  C-115,  Statistical  sunuaary'  for  last  open  breech  with  crews  in  BDU. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

.40254 

.50868 

.32718 

.39682 

Number  of  Observations 

14 

8 

14 

36 

Tot-al  Sum  of  Squares 

.18381 

.05805 

.13819 

.54851 

Residual  Sum  of  Squares 

.15685 

.04145 

.11608 

.54841 

Std.  Dev.  of  Estimate 

.11433 

.08312 

.09835 

.12700 

R-squarsd 

.14666 

.28595 

.16000 

,00018 

Adjusted  R-squared 

.07555 

.16694 

.09C!00 

-.02922 

Degrees  of  Freedom  (df) 

12 

6 

12 

34 

Number  of  md  Vars  (K) 

2 

2 

2 

2 

F(K-1,  df) 

2.06238 

2.40275 

2.28575 

.00617 

Prob.  Value  of  F 

.17653 

.17210 

.15645 

.93784 

Constant 

.31311 

.65012 

.40989 

.39359 

Standard  error 

.06937 

.09586 

.06069 

.04629 

Slone 

.03509 

-.04654 

-.02982 

.00033 

Standard  error 

.02444 

.03003 

.01973 

.00422 

i-ratio 

1.43610 

-1.55008 

-1.51187 

.07856 

prob  t 

.17653 

.17210 

.15645 

.93784 

Correlation  Coefficient  .38296  -.53474 

See  Section  4  for  discussion  of  regression  equations  and  units. 

-.40000 

.01347 

Table  C-1  i6.  ANOVA  for  last  op«n  brsech  with 

crews  in  BDU. 

Sum  S<^ 

DF 

Mean  Sg 

Crew 

.16846 

.38005 

Error 

.08423 

33 

.011.52 

Mean  of  Dependent  Variable 

.39682 

Number  of  Observations 

36 

Total  Sum  of  Squares 

.54851 

Residual  Sum  of  Sqiiai'es 

,38005 

Std.  Dev.  of  Estimate 

.10732 

R-squared 

.30713 

Adjusted  R-squared 

.26513 

Degrees  of  Freedom  (df) 

33 

Number  of  Ind  Vars  (K) 

3 

F(K-L  dO 

7.31384 

Prob.  Value  of  F 

00235 
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LAST  OPEh  BREECH:  M0PP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 
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Figure  C-1 17.  Task  times  with  regression  lines  for  last  open  breech  in  MOPP4  S. 


Tabie  C-117.  Statistical  summary'  for  last  cp«n  bre«ch  with  crews  in  MOPP4-S. 


Crew  I 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

.46060 

.41098 

.42621 

.43361 

Number  of  Observations 

5 

4 

6 

15 

Total  Sum  of  Squares 

.05561 

.01703 

.03429 

.11295 

Residual  Sum  of  Squares 

.0^147 

.00424 

.02179 

.09307 

vStd.  Dev.  of  Estimate 

.11757 

.04606 

.07381 

.08461 

R-squared 

.25427 

.75081 

.36447 

.17603 

Adjusted  R-squared 

.005'^ 

.62622. 

.20559 

.11265 

Degrees  of  Freedom  (di j 

2 

4 

13 

Number  of  Ind  Vars  (K) 

2 

2 

2 

2 

F(K-l,df) 

1.02288 

6.02615 

2.29401 

2.77728 

Prob.  Value  of  F 

.38632 

.13350 

.20444 

.11951 

Constant 

.18227 

.23910 

.33358 

..36265 

Standard  error 

.28018 

.07371 

.06818 

.04786 

Slope 

.16195 

.14671 

.03823 

.03826 

Standard  error 

.16013 

.05976 

.02524 

.02296 

t-iatio 

1.01138 

2.45482 

1.51460 

1.66652 

prob  t 

.38632 

.13350 

.20444 

.11951 

Correlation  Coefficient 

.50425 

.86650 

.60372 

.41956 

See  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-1 18.  ANOVA  for  last  open  breech  with  crews  in  MOPP4-S 

Sum  Stj 

DF 

Mean  Sg 

Crew  .00602 

2 

.10693 

Error  .00301 

12 

.00891 

Mean  of  JPependent  Variab'e 

.43361 

Number  of  Observations 

15 

Total  Sum  of  Squares 

.11295 

Residual  Sum  of  Squares 

.10693 

Std.  Dev.  of  Estimate 

.09440 

R-squared 

.05330 

Adjusted  R-squared 

-.10448 

Degrees  of  Freedom  (dQ 

12 

?  iinber  of  Ind  Vars  (K) 

3 

F(K-1,  df) 

331^1 

Prob.  Value  of  F 

.71989 

LAST  OPEN  BREECH:  MOPP4  -  ROTAT5NG 

(Linear  regression  with  68  %  confidence  band) 


BREECH,  CREWS  2  AND  3;  hf^OPP^  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


Aggregate  task  time  data  with  regression  line  for  last  open  breech  in  MOPP4-R 


Table  C-119.  Statistical  summary'  for  last  open  breech  with  c  cws  in  MOPP4-R. 


Crf.w  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

No  Data 

.52900 

A7&22 

,51122 

Number  of  Observ'ations 

13 

/ 

20 

Total  Sum  of  Squares 

.07758 

.08599 

.17531 

Residual  Sum  of  Squares 

.06836 

.07731 

.16621 

Std.  Dev.  of  Estimate 

.07883 

.12435 

09609 

R~squared 

.11887 

.10099 

,05193 

Adjusted  R-squared 

.03877 

-.07881 

-.00074 

Degrees  of  Freedom  (df) 

11 

5 

18 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

1.48396 

.56167 

.98591 

Prob.  Value  of  F 

.24864 

.48733 

.33390 

Constant 

.47128 

.53968 

.47383 

Standard  error 

,05218 

.09452 

.04336 

Slope 

.01395 

-.02922 

.01091 

Standard  error 

.01145 

.03898 

.01099 

t-ratio 

1.21818 

-.74945 

.99293 

prob  t 

.24864 

.48733 

,3?390 

Correlation  Coefficient 

.34477 

-.31779 

.22788 

See  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C- 120.  ANDVA  for  .last  open  breech  with  crews  in  MOPP4-R, 

6.- Sq 

DF 

Mean  Sq 

Crew  .01173 

1 

.16358 

Error  ,01173 

18 

.00909 

Mean  of  Dependent  Var.able 

.31122 

Number  of  Observations 

20 

Total  Sum  of  Squares 

.17531 

Residual  Sum  of  Squares 

.16358 

Std.  Dev.  of  Estimate 

.09533 

R-squared 

.06691 

Adjusted  R  squarea 

.01507 

Ekigrees  of  Freedom  (df) 

18 

Number  of  Ind  Vars  (K) 

2 

F(K-1.  df) 

1.29078 

Pr'^b.  Value  of  F 

.27080 

SWAB  A^tD  tJsiSPECT,  ALL  CREWS:  BATTLE  DRESS  UNIFORM 

(Linear  regression  with  68  %  confidence  band) 


Aggregate  task  time  da‘a  with  regression  Line  for  swab  and  inspect  in  BDU 


Table  C-i21.  Statistical  suranjyxy'  for  svs'ab  and  inspect  with  crews  in  BDU. 


Mean  of  Dependent  Variable 

Crew  } 

Crew  2 

Crew  S 

Aggregate 

■.m  i 

i 

1.05455 

1.23.579 

1.081.54 

1.12208 

A 

Number  of  Observadons 

1? 

!2 

12 

37 

w 

i 

Total  Sum  of  Squares 

.10358 

.16163 

.07745 

.57635 

1 

V;  i 

Residual  Sum  of  Squares 

.0865 I 

.09492 

.06483 

50262 

1 

Std.  Dev.  of  Estimate 

.08884 

.09743 

.08052 

.11984 

1 

R-squared 

.16193 

Mill 

.16300 

1285? 

Adjusted  R-squared 

.08574 

.35405 

.07930 

.10377 

Degrees  of  Freedom  (df) 

11 

10 

10 

35 

Number  of  Incl  Vars  (K) 

2 

2 

F(FU1,  dU 

2.12534 

7.02907 

1.94748 

5.16838 

Pfob.  Value  of  F 

.17283 

.02426 

.19307 

.0292S 

Constant 

.97774 

1.01972 

1.00702 

1.03006 

Standard  error 

.05816 

.08621 

.05823 

04502 

.Slope 

.02894 

.07755 

.02634 

.00967 

Standard  error 

.01985 

.02925 

.01887 

.00425 

* 

t-ratio 

1.45786 

2.65124 

1.39552 

2.27341 

prob  t 

.1728.3 

.02426 

.19.307 

.02925 

Correlation  Coefficient 

.40240 

.64247 

,40374 

..35870 

'See  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-122.  .WOVA  for  swah  and  inspect  with  crews  in  BDU. 


Sum  Sq 
.23417 
.11709 


Mean  Sej 
.34267 
.01008 


Mean  of  Dependent  Variable 

1.12208 

Number  of  Obser/ations 

37 

Total  Sum  of  SquarCo 

.57685 

Residual  Sum  of  Squares 

.34267 

Std  Dev.  of  Estirrrate 

.100,39 

R-squared 

.40595 

A.djUSi'-U  iv-Si^UoTCu 

.3710! 

Degrees  of  Freedom  ^d^) 

34 

Number  of  Ind  Vars  (K) 

3 

FlK-l.  dD 

1,1.61724 

Prob.  Value  of  F 

.fXX)14 

«  9 
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Task  time,  s  Task  time,,  s  Task  time. 


SWAB  AMD  ENSPECT:  M0PP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 
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Figure  C-123.  T  ask  limes  wUh  regression  lines  Jor  swab  and  inspert  in  MUPr4-.s 


SWAB  AND  INSPECT,  ALL  CREWS:  MOPP4  -  STANDARD 

(Linear  regression  with  68  %  confidence  band) 


.ggregate  task  time  data  with  regression  line  for  swab  and  inspect  in  MOPP4-S 
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Table  C-i23.  Statistical  summary'  for  swab  and  inspect  with  crews  in  MOPP4-S. 


Mean  of  Dependent  Variable 

Crew  1 
1.1M25 

Crew  2 
.96633 

Crew  3 
1.00099 

Aggregate 

1.04183 

Number  of  Observations 

5 

4 

6 

15 

Total  Sum  of  Squares 

.b  332 

.00998 

.02729 

.14526 

Residual  Sum  of  Squares 

.01  07 

.00796 

.01963 

.13964 

Std.  Dev.  of  Estimate 

.06849 

.06309 

.07005 

.10364 

R-squared 

.08149 

.20208 

.28074 

.03869 

A  ljusted  R-squared 

-.22468 

-.19688 

.10093 

-.03526 

Degrees  of  Freedom  (df) 

3 

2 

4 

13 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1.  df) 

.26616 

.50652 

1.56128 

.52316 

Prob.  Value  of  F 

.64153 

.55047 

.27960 

.48231 

Constant 

1.06591 

.88903 

.92604 

1.00171 

Standard  error 

.16821 

.11310 

.06645 

.06159 

Slope 

.04809 

.05823 

.02993 

.02061 

Standard  error 

.09321 

.08182 

.02395 

.02849 

t-ratio 

.51591 

.71170 

1.24951 

.72:30 

prob  t 

.64153 

.55047 

.27960 

.48231 

Correlation  Coefficient 

.28547 

.44953 

.52985 

,19669 

'See  Section  4  for  discussion  of  regression  equations  and  units. 


Table  C-124.  ANOVA  for  swab  and  inspect  with  crews  in  MOPP4-S. 


Sum  Sq 

DF 

Mean  Sq 

Crew 

.09267 

2 

.05259 

Error 

.04633 

12 

.00438 

Mean  of  Dependent  Variable 

1.04183 

Number  of  Observations 

15 

Total  Sum  of  Squares 

,14526 

Residual  .Sum  of  Squares 

.05259 

Std.  Dev.  of  Estimate 

,06620 

R-,squared 

.63796 

Adjusted  R-,squaicd 

.Slid 

Degrees  of  Freedom  (df) 

12 

Number  of  Ind  Vars  (K) 

3 

F(K-1,  df) 

10.57273 

Prob.  Value  of  F 

.00225 
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SWAB  AND  [NSPECT:  M0PP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 
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Figure  C-125.  Task  times  with  regression  line:;  for  swab  and  inspect  in  MOPP4-R 


S5WAB  AND  INSPECT,  CREWS  2  AND  3:  MOPP4  -  ROTATING 

(Linear  regression  with  68  %  confidence  band) 


Table  C-125.  Statistical  summary'  for  swab  and  Inspect  with  crews  in  M0PP4-R. 


Crew  1 

Crew  2 

Crew  3 

Aggregate 

Mean  of  Dependent  Variable 

No  Data 

1.05283 

1.01398 

1.03988 

Number  of  Observations 

14 

7 

21 

Total  Sum  of  Squares 

.31031 

.08733 

.40468 

Residual  Sum  of  Squares 

.30739 

.05071 

.40074 

Std.  Dev.  of  Estimate 

.16005 

.10071 

.14523 

R^squared 

.00940 

.41926 

.00974 

Adjusted  R-squared 

-.07315 

.30311 

-.04238 

Degrees  of  Freedom  (df) 

12 

5 

19 

Number  of  Ind  Vars  (K) 

2 

2 

2 

F(K-1,  df) 

.11386 

3.60973 

.18690 

Piob.  Value  of  F 

.74162 

.11587 

.67037 

Constant 

1.08298 

.88370 

1.01574 

Standard  error 

.09907 

.07842 

.06421 

Slope 

-.00744 

.05997 

.00704 

Standard  error 

.02204 

.03156 

.01629 

t-ratio 

-.33743 

1.89993 

.43232 

prob  t 

.74162 

.11587 

.67037 

Correlation  Coefficient 

-.09695 

.64750 

.09870 

Set  Section  4  for  discussion  of  regression  equations  and  units. 

Table  C-126.  ANOVA  for  swab  and  inspect  with  crews  in  MOPP4-R, 

Sum  Sq 

DF 

Mean  Sq 

Crew 

.00705 

1 

.39764 

Error 

.00705 

19 

.02093 

Mean  of  Dependent  Variable 

1.03988 

Number  of  Observations 

21 

Total  Sum  of  Squares 

.40468 

Residual  Sum  of  Squares 

.39764 

Std.  Dev.  of  Estimate 

.14467 

R-squared 

.01741 

Adjusted  R-squared 

-.03431 

Degrees  of  Freedom  (dO 

Number  of  Ind  Vars  (K) 

2 

F(K-1,  df) 

.33665 

Prob,  Value  of  F 

.56858 

•  • 
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APPENDIX  D 

DISCUSSION  OF  TASK  TIME  OUTLIERS 


The  measured  distribution  of  times  for  a  given  task  will  inevitably  contain  outliers,  that 
is,  points  that  deviate  an  unreasonable  amount  from  the  mean  of  the  distribution.  If  the  task 
times  are  normally  distributed,  tlien  the  significance  of  a  deviation  can  be  judged  quantitatively 
with  a  statistical  test.  Outliers  are  identified  by  setting  a  probability  threshold  below  which 
values  are  unlikely  to  belong  to  a  normal  distribution  of  measured  times  for  the  given  sample. 
Alternatively,  observations  regarding  extraneous  factors  affecting  the  data  may  be  used  to 
designate  outliers. 

Outliers  may  result  from  ob.server  error  or  crew  error.  As  many  observer  cnors  as 
possible  have  been  eliminated  from  the  data  with  redundancy  and  consistency  checks.  However, 
since  not  all  data  had  redundant  measurements,  there  are  likely  to  be  undetected  observer  errors 
present  in  the  fmtd  data.  Further  elimination  of  such  errors  would  require  analysis  of  the 
videotape  record  of  the  exercise.  This  procedure  would  be  labor  intensive,  essentially  requiring 
a  complete  remeasurement  of  all  event  times  to  check  for  errors.  For  the  present  analysis,  we 
assume  that  observer  errors  do  not  make  dominant  contributions  to  the  variance  of  task  times. 
We  will  note  special  cases  in  which  observer  error  can  be  eliminated  by  defining  outliers. 

In  addition,  an  outlier  may  result  from  a  procedural  error  or  an  outright  blunder  by  one 
or  more  crew  members.  Outliers  of  this  type  are  infrequent  when  the  crew'  is  well  trained  and 
using  well  designed  and  maintained  equipment.  Although  such  outliers  may  be  an  important  part 
of  crew  performance  analysis  if  the  errors  adversely  impact  crew  survival,  they  are  not  of  primary 
importance  when  general  perfomiance  degradation  from  a  battlefield  stressor  is  the  central  issue, 
as  it  is  in  the  present  study  of  artillery  crew  performance. 

For  the  present  analysis,  outliers  are  plotted  in  figures  with  separate  symbols  for  future 
reference  but  are  not  included  in  regression  analyses  or  the  analy.sis  of  variance. 

Field  notes  taken  by  observers  during  the  exercise  are  an  important  source  of  information 
to  identify  outliers  cau.sed  by  crew  errors  For  example,  on  a  few  rounds  (out  of  581),  the  ram 
was  not  sufficiently  v  irous  to  properly  ■^eat  the  projectile  in  the  chamber  of  the  howitzer.  On 
these  occasions,  the  ram  was  repeated  at  tlie  command  of  the  Chief  of  Section.  On  one  occasion 
with  the  crew  in  MOPP4,  no  one  noticed  an  ineffective  ram  and  the  piojectile  subsequently  fell 
out  of  the  breech  onto  the  ground  as  the  projectile  handlers  started  to  moved  away.  Such  errors 
are  always  corrected  by  the  crew  and  were  usually  noted  in  writing  by  the  observers,  w'iien  the 
correction  process  requires  substantial  time,  the  re.sulting  task  time  outlier  can  be  correlated  with 
the  written  comments  by  the  observers. 

Appendix  B  presents  a  transcription  of  notes  taken  by  the  observers  who  logged  task  time 


dat  during  the  exercise.  Although  these  notes  are  certainly  not  exhaustive,  they  frequently 
explain  obvious  outliers. 

Finally,  and  sometimes  most  irap>ortantly,  consideration  must  be  given  to  maintaining 
consistency  in  the  'ask  time  being  measured.  In  certain  instances,  procedural  changes  caused 
significant  variation  in  task  time.  The  dominant  cause  is  the  loss  of  crew  members  during  the 
MOPP4  exercises  and  the  subsequent  adjustment  of  task  load  among  crew  members.  Whenever 
possible,  outlier  limits  are  chosen  to  maintain  consistency  in  the  task  time  being  measured  for 
an  individual  crew  member.  With  this  choice,  calculated  performance  degradation  is  relevant  to 
individual  tasks  and  docs  not  reflect  the  higher  order  effects  of  crew  interactions  under  stress. 
This  latter  issue  is  important  but  not  addressed  in  this  report. 

RELAY  ORDERS. 

Examination  of  the  aggregate  plot  for  the  relay  orders  task  time  for  all  three  crews  in 
BDU  shows  a  minimum  time  of  about  20  s  for  the  oral  relay  of  orders  to  the  crew.  With  an 
outlier  criterion  of  17  s,  Crew  3  shows  an  outlier  at  15  s  on  Fire  Mission  17.  Obseiver  notes 
indicate  that  the  crew  was  "rushing  to  a  fault",  apparently  having  thrown  caution  to  the  winds 
for  the  last  fire  mission  of  the  day.  The  longer  times  for  BDU  tail  off  in  the  30  to  35  s  range 
with  no  apparent  outliers. 

A  criterion  of  25  s  is  used  to  define  short-time  outliers  for  MOPP4-S  to  eliminate  the 
measured  values  for  Fire  Missions  5  and  6  for  Crew  1.  Observer  notes  indicate  that  a  new  crew 
member  moved  to  the  RTO  position  after  Fire  Mission  4  "sounds  faster".  This  criterion  flags  one 
value  for  Crew  3  as  an  outlier  as  well.  The  longer  times  in  MOPP4-S  extend  to  the  40  to  50  s 
range  with  no  apparent  outliers. 

The  times  of  about  60  s  in  MOPP4-R  for  Fire  Mission  8  of  Crew  2  and  Fire  Mission  3 
of  Crew  3  are  potential  long-time  outliers.  Observer  comments  indicate  that  these  missions  were 
ragged"  and  "di.sorganized"  at  the  start  but  indicete  no  specific  anomalies,  so  the  values  arc 
retained  in  this  analysis,  A  criteria  of  17  s  gives  no  short-time  outliers  in  MOPP4-R.  Neither 
the  aggregate  plot  for  MOPP4-R  nor  the  observer  comments  provide  a  basis  for  designating 
sliort-time  outliers.  The  relay  orders  task  times  for  MOPP4-R  have  a  large  variance  but  there 
is  seems  to  be  no  objective  way  to  declare  outliers. 

BEGIN  SET  DEFLECTION. 

The  G'  nner  for  Crews  1  and  2  used  the  electronic  GDU  to  obtain  the  deflection  setting 
since  his  typical  start  times  aic  within  a  few  seconds  of  fhc  .start  of  calling  out  orders,  too  soon 
for  the  Chief  of  Section  to  have  provided  the  data  vert  iy.  The  high  value  of  about  20  s  for  the 
begin  set  deflection  task  time  for  Fire  Mission  12  of  Crew  2  in  BDU  is  probably  due  to  observer 


error.  The  Gunner  for  Crew  3  seems  to  have  waited  for  verbal  deflection  data,  since  his  times 
of  1 5  to  20  s  for  begin  set  deflection  are  near  the  end  of  the  verbal  orders.  A  criterion  of  1 3 
s  is  chosen  to  exclude  the  outlier  for  Crew  2  and  much  of  the  data  for  Crew  3.  The  times  for 
the  late  fire  missions  of  Crew  3  are  short  enough  that  the  Gunner  must  have  begun  using  the 
GDU.  There  are  no  apparent  short  time  outliers  in  BDU. 

Criteria  of  15  s  and  13  s  for  long  time  outliers  is  used  for  \10PP4-S  and  MOPP4-R, 
respectively.  Most  of  the  outliers  for  both  MOPP4-S  and  MOPP4-R  are  due  to  loss  of  the 
Assistant  Gunner.  Outliers  result  when  the  Gunner  chooses  to  set  tlie  elevation  before  he  sets 
the  deflection.  Although  this  change  of  task  order  is  an  important  consideration  for 
understanding  and  modeling  crew  operations  with  loss  of  crew  members,  it  is  a  confounding 
variable  when  the  focus  is  on  the  degradation  of  a  fixed  task.  The  present  analysis  focuses  on 
the  degradation  of  fixed  tasks,  so  times  resulting  from  changing  task  order  are  considered  as 
outliers.  (The  data  would  support  future  analysis  regarding  loss  of  crew  members.)  As  in  BDU, 
there  are  no  apparent  short  time  outliers  in  MOPP4. 

SET  DEFLECTION. 

The  set  deflection  task  was  measured  from  the  time  that  the  gunner  reached  for  the  small 
crank  on  the  mechanical  register  for  the  deflection  setting  to  the  time  that  he  reached  for  the 
large  crank/wheel  to  accomplish  the  traverse.  During  this  interval,  the  gunner  brings  the 
me';hanical  register  to  the  correct  integer  deflection  setting.  Several  measurements  for  this  task 
were  quite  short,  one  value  for  Crew  3  in  BDU  being  less  than  1.5  seconds.  This  short  time  is 
more  likely  to  be  caused  by  observer  error  than  by  a  remarkably  swift  action  by  the  gunner.  The 
likely  explanation  is  that  observer  inattention  caused  a  late  recording  of  the  set  deflection  event. 
Presumably,  the  obser\'er  comes  to  attention  after  recording  set  deflection  and  gets  a  better 
measurement  of  the  task  ending  time  (the  start  of  the  traverse  tube/level  bubble  event).  The 
result  is  an  underestimation  of  the  task  time  for  set  deflection.  By  inspection  of  the  aggregate 
plot  for  set  deflection  for  all  crews,  we  choose  a  minimum  time  of  2.5  s  below  which  measured 
times  aie  flagged  as  outliers  due  to  measurement  error.  For  BDU  fire  missions,  there  are  no 
obvious  candidates  for  long-time  outliers.  Most  times  are  in  the  3  to  9  s  range. 

Many  of  the  set  deflection  task  times  in  MOPP4  are  also  below  10  s,  indicating  that 
MGPP4  is  not  a  major  impediment  for  this  task.  On  the  other  hand,  Fire  Mission  6  for  Crew  2 
in  MOPP4-S  is  about  30  s.  According  to  observer  comments,  this  fire  mission  came  in  while 
the  crew  was  just  emerging  from  the  shade  after  completing  a  psychological  questionnaire.  The 
task  time  may  be  long  because  of  a  measurement  error  or  a  procedural  flaw  caused  by  the 
unusual  mission  start.  It  is  considered  an  outlier  for  the  present  analysis. 

Crew  2  in  MOPP4-R  completed  all  17  fire  missions;  however,  beginning  with  Fire 


D-3 


•  • 


•  •  « 


M) 

♦ 


•  • 


•R  • 


e 


Mission  12,  the  crew  operated  with  no  Assistant  Gunner  because  of  loss  of  personnel.  Beginning 
with  Fire  Mission  12,  the  Gunner  performed  the  tasks  of  both  the  Gunner  and  Assistant  Gunner 
position.  The  same  thing  happened  for  Crew  3  in  MOPP4-R  for  Fire  Missions  8  and  9.  During 
these  missions,  some  set  deflection  times  were  normal  and  others  exceeded  20  s.  Inspection  of 
the  timelines  for  these  fire  missions  shows  that  the  abnormally  long  times  are  causad  by 
variations  in  the  order  in  which  the  Gunner  performed  the  double  set  of  tasks.  The  longer  times 
caused  by  abnormal  task  ordering  are  designated  as  outliers  for  the  present  analysis. 

A  maximum  task  time  of  17.5  s  for  set  deflection  is  used  to  define  outliers  for  all 
postures.  In  addition  to  the  outliers  discussed  above,  this  criterion  flags  the  measured  time  of 
Fire  Mission  1  for  Crew  3  in  MOPP4-S  as  an  outlier  although  nothing  appears  in  the  field  notes 
(Appendix  B)  to  indicate  an  abnormal  procedure  for  this  fire  mission. 

This  detailed  discussion  regarding  outliers  tor  set  deflection  task  times  illustrates  the 
considerations  we  use  to  set  criteria  for  outliers  for  all  tasks.  Similar  procedures  are  used  for  the 
rest  of  the  tasks  even  if  only  an  abbreviated  discussion  is  presented. 

TRAVERSE  TUBE. 

Analysis  of  the  traverse  tube  task  is  complicated  by  two  factors.  First,  for  Crew  1, 
traverse  tube  includes  only  the  time  for  the  gross  azimuthal  motion  of  the  tube.  This  task  is 
referred  to  a  traverse  tube  I.  For  Crews  2  and  3,  the  measured  task  time  also  includes  the  fine 
adjustment  at  the  end  of  the  traverse  and  any  pause  to  wait  for  the  gross  motion  of  the  tube 
elevation  to  end.  This  task  is  referred  to  as  traverse  tube  II.  Second,  in  MOPP4.  loss  of  crew 
members  after  resupply  (Fire  Missions  8  and  higher)  usually  forced  the  Gunner  to  take  on  the 
Assistant  Gunner  tasks  as  well  as  his  own.  In  this  case,  the  order  of  tasks  was  not  always  the 
same. 

Tnere  are  no  apparent  outliers  for  the  traverse  tube  I  task  time  (Crew  1 )  in  BDU  or 
MOPP4-S.  For  traverse  tube  II,  an  outlier  criterion  of  30  s  for  Crews  2  and  3  in  BDU  gives 
one  outlier  for  each  crew.  The  Crew  2  data  indicates  that  this  limit  should  be  relaxed  in  MOPP4- 
S.  A  value  of  38  s  is  used  for  both  MOPP4-S  and  MOPP4-R.  This  value  results  in  only  one 
outlier  for  Fire  Missions  I  to  7,  but  eliminates  most  of  the  data  for  Missions  8  to  17  when  the 
Assistant  Gunner  was  missing.  A  shon-time  criterion  of  10  s  is  set  for  traverse  tube  II  in  BDU 
to  flag  the  value  for  Fire  Mission  12  of  Crew  2  as  an  outlier.  This  criterion  also  flags  Fire 
Mission  7  of  Crew  3.  For  MOPP4,  the  short-time  criterion  is  increased  to  13  s  to  flag  the  task 
times  for  Fire  Missions  10  and  12  as  outliers  for  Crew  2  in  MOPP4-R,  These,  low  values  are 
probably  due  to  observer  confusion  regarding  the  order  of  tasks  being  done  by  the  Gunner. 
There  are  no  short-time  outliers  for  MOPP4'S. 


BEGLN  SET  ELEVATION. 


The  considerations  for  definition  of  task  time  outliers  for  the  begin  set  elevation  task  are 
the  same  as  those  for  the  begin  set  deflection  task.  Examination  of  the  BDU  data  for  begin  set 
elevation  shows  that  the  Assistant  Gunner  for  Crew  2  consistently  to  the  elevation  angle  from 
d.e  GDU.  Based  on  the  Crew  2  data,  values  of  -5  s  and  +10  s  are  chosen  for  the  lower  and 
upper  outlier  criteria  in  BDU.  This  choice  eliminates  much  of  the  Crew  1  and  Crew  3  data.  The 
same  lower  limit  is  used  in  MOPP4.  The  upper  limit  of  15  s  for  MOPP4  is  based  primarily  on 
the  Crew  2  data  in  MOPP4-R.  It  results  in  complementary  designation  of  outlie.'-s  relative  to  the 
begin  set  deflection  task  for  the  late  fire  missions  when  the  Gunner  was  doing  both  his  tasks  and 
those  of  the  Assistant  Gunner.  The  time  for  the  task  he  chose  to  do  first  is  retained  and  the 
second  is  designated  as  an  outlier.  The  retained  values  for  both  BDU  and  MOPP-4  correspond 
to  a  single  crew  member  responding  to  the  GDU  to  begin  setting  the  elevation  with  no  other 
competing  task. 

SET  ELEVATION. 

The  set  elevation  task  is  similar  to  the  set  deflection  task  and  is  subject  to  the  same 
measurement  error  on  the  short  side  from  observer  inattention.  Inspection  of  aggregate  plots  for 
the  three  crews  in  BDU  shows  that  the  same  minimum  time  of  2.5  s  gives  a  good  separation 
between  the  apparent  lower  edge  of  the  task  time  distribution  and  the  short-time  outliers.  The 
samr  criterion  is  used  for  MOPP4-S  where  there  are  no  apparent  short-time  outliers.  For 
MOPP4-R,  the  short-time  criterion  is  increased  to  3.5  s  to  flag  the  task  time  for  Fire  Mission  5 
of  Crew  2  as  an  outlier.  This  value  is  more  than  2  standard  deviations  faster  than  the  mean  for 
Crew  2  in  BDU,  probably  due  to  observer  error. 

A  maximum  time  of  17.5  s  gives  a  good  definition  of  outliers  on  the  long  side  for  all 
postures.  Set  elevation  times  apparently  include  variance  from  the  same  task  order  differences 
as  set  deflection  during  the  times  when  the  Gunner  is  doing  the  Assistant  Gunner  tasks  in 
addition  to  his  own. 

ELEVATE  TUBE. 

A  criterion  of  35  s  is  used  to  define  outliers  on  the  long  side  for  the  elevate  tube  task 
time  in  BDU  and  MOPP4-S.  This  erherion  is  chosen  to  •'liminate  the  measurement  for  Fire 
Mission  8  of  Crew  3  in  MOPP4-S.  This  mission  had  no  A.ssistant  Gunner  and,  furthermore, 
ob.scrver  error  is  suspected  since  the  elevate  tube  task  time  overlaps  the  safety  check  event.  The 
criterion  also  flags  the  measured  time  for  Fire  Mission  7  of  Crew  2  in  BDU  as  an  outlier.  The 
evidence  for  a  problem  with  this  fire  mi  ision  is  that  the  timeline  indicates  that  the  elevate  tube 
task  delayed  the  safety  check  well  after  the  howitzer  had  been  primed. 
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The  same  criterion  of  35  s  is  used  to  define  long-time  outliers  in  MOPP4-R.  This  value 
eliminates  the  measurements  for  Fire  Missions  15  and  16  for  Crew  2.  Crew  2  operated  with  no 
Assistant  Gunner  from  Fire  Mission  12  onward.  The  measured  values  for  Fire  Missions  13,  14. 
and  17  are  retained  for  the  present  analysis  even  though  there  is  some  uncertainty  whether  the 
observer  clearly  distinguished  which  task  the  Gunner  was  performing.  This  35  s  criterion  also 
flags  the  measurement  for  Fire  Mission  1  as  an  outlier  for  this  crew.  According  to  observer 
notes,  the  Assistant  Gunner  "^.  ^:!vatcd  twijc"  on  this  mission. 

There  are  no  apparent  short-time  outliers  for  elevate  tube  in  BDl) .  A  minimum  time  of 
1 3  s  is  used  to  define  outliers  in  MOPP4-S  and  MOPP4-R  mainly  to  eliminate  the  measurement 
for  Fire  Mission  2,  Crew  3  in  MOPP4-S.  Examination  of  the  timeline  and  the  task  time  for  set 
elevate  for  this  mission  indicates  that  the  observer  was  late  starting  the  elevate  tube  event.  The 
criterion  flags  the  measured  values  for  Fire  Mission  6  of  Crew  1  in  ViOPP4-S  and  Fire  Mission 
3  of  Crew  3  in  MOPP4-R  as  an  outliers  on  the  short  side,  probably  due  to  observer  error  as  well. 

BEGIN  FIRST  LOAD. 

A  criterion  of  19  s  defines  short-time  outliers  for  the  begin  first  load  task  time  for  all 
postures  The  two  resulting  outliers  in  BDU  are  attributed  to  procedural  anomalies.  There  are 
no  short-time  outliers  in  MOPP4.  A  criterion  of  90  s  defines  long-time  outliers  for  all  postures. 
The  only  outlier  occurs  for  Fire  Mission  3  of  Crew  3  in  MOPP4-R.  This  mission  began  with  the 
crew  "bickering". 

LOAD  PROJECTILE. 

Criteria  of  1  s  and  9  s  define  shon-  and  long-time  outliers,  respectively,  for  the  load 
projectile  task  times  for  BDU  and  MOPP4-S.  For  BDU  there  is  ..me  outlier,  probably  due  to 
observer  error.  For  M0PP4-S,  Crew  2  has  an  outlier  for  Fire  Mission  6  that  is  unexplained. 
Crew  3  has  an  outlier  for  Fire  Mission  1  caused  by  an  ineffective  ram  that  allowed  the  projectile 
to  fall  out  of  the  breech  onto  the  ground. 

Criteria  of  2.4  s  and  9  s  define  short-  and  long-time  outliers,  respectively,  for  MOPP4-R. 
The  long-time  outliers  for  MOPP4-R  are  also  cau.sed  by  ineffectiv'-  ’■ams  that  had  to  be  repeated. 
The  short-time  criterion  is  increased  to  llag  the  shortest  time  for  Fire  Mission  17  of  Crew  2  as 
an  outln.i,  probably  due  to  observer  error. 

LOAD  FIRST  POWDER. 

The  load  first  powder  task  lime  data  tends  to  have  a  large  variance  with  the  crews  in 
BDU  and  MOPP4-R.  A  long-  time  criterion  of  20  s  in  BDU  flags  one  outlier  for  Fire  Mission 
15  of  Crew  2.  Observer  comments  indicate  "late  powder"  for  this  round.  There  are  no  apparent 


long-time  outliers  in  MOPP4-S  or  M0PP4-R  and,  likewise,  no  short-time  outliers  for  any  posture. 

LOAD  FIRST  PROJECTILE  AND  POWDER. 

The  task  time  for  load  first  projectile  and  powder  includes  the  time  for  the  load  first 
powder  task  and  so  has  the  same  tendency  for  a  large  variance  for  Crews  2  and  3.  Crew  1  has 
less  variance.  A  long-time  criterion  of  20  s  for  BDU  produces  only  one  outlier  for  Crew  2.  as 
before.  A  long-time  criterion  of  30  s  for  MOPP4-S  is  used  to  flag  the  times  for  Fire  Missions 
5  and  7  as  outliers  for  Crew  2.  Using  the  same  criterion  for  MOPP4-R  flags  the  time  for  Fire 
Mission  15  of  Crew  2.  Observer  comments  indicate  irregularities  in  procedure  for  these  fire 
missions.  No  short-ti)  '  outliers  are  evident  for  any  posture. 

LOCK  BREECH  AND  PRIME. 

Criteria  of  2  s  and  10  s  are  used  to  define  short-  and  long-time  outliers,  respectively,  for 
the  lock  breech  and  prime  task  time  for  both  BDU  and  MOPP4-S.  Crews  1  and  3  in  BDU  have 
one  outlier  each  in  the  15  to  20  second  range.  These  excessively  long  times  were  caused  by 
failure  of  the  Loader  to  recognize  that  the  breech  had  not  been  fully  locked  so  that,  in  turn,  the 
primer  could  not  be  latched  (presumably  a  safety  feature).  The  short  time  outlier  for  Crew  1  in 
BDU  is  probably  observer  error.  Crews  1  and  2  had  no  outliers  for  this  task  in  MOPP4-S.  Crew 
3  had  many.  The  first,  during  Fire  Mission  4,  was  the  result  of  a  dropped  primer.  The  rest  of 
the  outliers  encompass  ail  of  the  rounds  for  Fire  Missions  6,  7,  and  8.  After  medical  personnel 
removed  the  regular  Loader  from  the  exercise,  the  inexperienced  replacement  was  unwrapping 
primers  during  this  task  interval  rather  than  having  them  prepared  in  advance. 

The  criterion  for  long-time  outliers  with  crews  in  MOPP4-R  is  increased  to  1.5  s  to 
accommodate  the  relatively  slow  performance  of  Crew  2.  The  one  measured  time  that  is  tlagged 
as  an  outlier  on  Fire  Mission  7  was  caused  by  an  incorrect  belief  by  the  Loader  that  the  primer 
was  not  latched  properly. 

FIRE. 

The  criteria  for  short-  and  long-time  outliers  for  the  fire  task  lime  arc  1.0  s  and  5.3  s, 
respectively,  for  crews  in  BDU.  Times  shorter  than  1  s  are  likely  due  to  observer  error,  The 
data  for  Crew  3,  however,  shows  that  short  limes  in  the  1.0  to  1.5  s  range  are  reasonable.  The 
situation  for  long-time  outliers  is  more  complicated.  The  only  long-time  outlier  for  Crew  1 
occuiTcd  when  the  No.  1  Cannoneer  misplaced  his  lanyard  after  the  second  round  of  the  last  fire 
mis.sion.  Crew  3  shows  more  variance  in  the  later  fire  missions  but  no  obvious  basis  for 
declaring  outliers. 

Crew  2,  on  the  other  hand,  shows  numerous  outliers  in  BDU  with  a  long  tail  of  task  times 


exceeding  10  s.  These  outliers  were  Tnisfires  caused  by  an  inexperienced  No.  1  Cannoneer  with 
insufficiently  vigorous  pulls  on  t’  i  lanyard.  After  a  misfire,  the  No.  1  Canuoueer  usually  pulled 
another  time  or  two  and  succeeded  in  firing  the  howitzer,  causing  tlic  outliers  Once  (Fire 
Mission  8),  it  was  necessary  to  call  a  safety  check  and  replace  the  primer.  The  long-time  outlier 
criterion  of  5.3  seconds  is-  chosen  to  eliminate  as  many  as  possible  of  the  misfires  for  Crew  2 
without  cutting  into  the  distribution  of  times  for  Crews  i  and  3. 

After  his  poor  performance  on  Monday  in  BDU,  the  No.  1  Cannoneer  for  Crew  2 
perfected  his  technique  and  hr  i  no  more  misfires  on  Wednesday  or  Friday  in  MOPP4.  Criteria 
of  1  s  and  8  s  are  used  to  define  short-  and  long-time  outliers,  respectively,  for  both  MOPP4-S 
and  MOPP4-R. 

OPEN  BREECH. 

There  are  no  apparent  short-time  outliers  for  the  open  breech  task  time  for  any  posture. 
A  criterion  of  3.5  s  is  used  to  define  outliers  in  BDU.  With  this  criterion,  there  are  no  outliers 
for  Crew  3  and  only  1  for  Crew  1.  On  the  other  hand,  Crew  2  in  BDU  has  many  outliers.  These 
outliers  are  probably  due  to  the  high  misfire  rate  of  the  Loader  for  the  BDU  missions  as 
discussed  for  the  fire  task  time  since  the  breech  is  opened  by  the  Loader  immediately  after  the 
l  .owitzer  is  fired.  There  is  no  similar  problem  for  the  same  Loader  in  MOPP4-S  when  there  were 
no  misfires, 

A  criterion  of  5  s  is  used  to  define  long-time  outliers  for  MOPP4-S  and  MOPP4-R.  The 
resulting  outliers  for  Crew  2  in  MOPP4-R  are  due  to  start  up  problems  with  a  new  loader  rotated 
into  the  position  on  Fire  Mission  6. 

SWAB  CHAMBER. 

Criteria  of  3.5  s  and  9  s  define  short-  and  long-time  outliers,  respectively,  for  the  swab 
chamber  task  time  in  BDU.  The  only  short-time  outlier  is  on  the  last  fire  mission  of  Crew  3, 
a  mission  that  was  rushed  excessively  by  the  crew.  The  long-time  outlier  for  Crew  1 
corresponded  to  a  major  delay  in  bringing  the  next  projectile  to  the  breech.  That  for  Crew  2  is 
probably  an  observer  error  since  the  end  of  the  task  is  later  than  the  load  event. 

For  MOPP4  data,  the  short-time  criterion  is  raised  to  4  s  to  pick  up  a  sirgle  outlier  for 
Crew  2  in  MOPP4-R,  probably  a  result  of  observer  error.  The  long-time  criterion  is  increased 
to  15  s;  there  are  no  apparent  long-time  outliers  in  MOPP4. 

CHECK  SIGHT. 

The  aggregate  plot  for  the  check  sight  task  for  all  crews  in  BDU  shows  an  apparent 
minimum  of  about  2.5  s  to  perform  the  task.  A  criterion  of  2  s  is  taken  to  define  outliers  on  the 
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short  side  for  all  postures.  There  are  no  obvious  outliers  on  the  long  side  with  crews  in  either 
BDU  or  MOPP4.  As  discussed  in  Section  3.3,  the  check  sight  task  was  ill-defined  from  the 
vantage  point  of  the  observer.  We  analyze  only  the  average  task  time  per  round  for  each  fire 
mission  and  have  little  confidence  in  the  significance  of  even  this  result. 


BEGIN  RELOAD. 

There  are  no  apparent  short-time  outliers  for  the  begin  reload  task  time  for  either  BDU 
or  MOPP4  data.  A  criterion  of  20  s  for  long-time  outliers  in  MOPP4  is  chosen  to  flag  two 
outliers  for  Crew  2  in  MOPP4-S.  This  choice  is  based  primarily  on  retaining  all  values  for 
Cre  ws  1  and  3  in  MOPP4-S.  It  is  clear  that  the  variance  on  this  task  time  increases  greatly  in 
MOPP4. 

RELOAD  POWDER. 

ITiere  are  no  apparent  short-time  outliers  for  the  reload  powder  task  time  for  eitner  BDU 
or  MOPP4  data.  For  BDU,  a  long-time  criteria  of  10  s  is  chosen  to  flag  one  outlier  for  Fire 
Mission  15  of  Crew  2.  Observer  notes  indicate  "late  powder"  for  Round  1  but  no  other 
comment. 

A  criterion  of  10  s  is  used  to  flag  long-time  outliers  for  the  MOPP4  data.  The  worst 
outliers  occur  for  Crew  2  in  MOPP4-S  for  Fire  Missions  4  to  6.  The  crew  was  operating  with 
7  members  for  these  missions  and  the  Loader  was  walking  back  to  the  powder  lent  to  get  the 
powder  bag  rather  than  having  it  brought  to  him  as  usual.  Observer  comments  indicate  that  some 
of  the  other  outliers  for  MOPP4-S  and  MOPP4  -R  were  caused  by  poorly  wrapped  powder  bags 
that  had  to  be  adjusted  by  the  Loader.  Although,  this  rewrapping  adds  to  the  overall  mission 
time,  it  is  considered  a  change  of  task  and  the  corresponding  data  is  not  included  in  the  present 
analysis  of  task  performance  degradation. 

The  choice  of  10  s  as  the  criteria  is  based  mostly  on  the  clear  separation  of  outliers  for 
Crew  3  in  MOPP4-R.  The  choice  is  less  obvious  if  it  were  based  on  the  same  crew  in  MOPP4- 
S.  The  MOPP4-S  data  of  Crew  3  is  not  used  to  make  the  choice  since  Crew  3  is  the  only  crew 
in  MOPP4-S  rather  than  BDU  on  the  first  day  of  the  record  trials. 

RELOAD  PROJECTILE  AND  POWDER. 

There  are  no  apparent  short-time  outliers  for  the  reload  projectile  and  powder  task  for 
any  posture.  A  long-time  criterion  of  15  s  is  used  for  both  BDU  and  MOPP4  using 
considerations  similar  to  tho.se  for  the  reload  powder  task. 
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LAST  OPEN  BREECH. 


N 


There  are  no  apparent  short-time  outJiers  for  the  last  open  breech  task  time  for  any 
posture.  A  long-time  criterion  of  4.5  s  flags  many  of  the  Crew  2  measured  values  as  outliers  for 
the  same  reasons  explained  for  the  open  breech  task.  A  long-hme  criterion  of  5  s  for  the 
MOrT4  data  results  in  one  outlier  for  Crew  2  in  MOPP4-R. 

SWAB  AND  INSPECT. 

A  criterion  of  7  s  is  used  to  flag  short-time  outliers  for  the  swab  and  inspect  task  time 
in  BDU.  There  is  one  such  outlier  for  each  crew.  There  arc  no  relevant  observer  comments  for 
these  outliers;  however,  the  outliers  are  self-evident  from  the  plots.  There  are  no  apparent  long¬ 
time  outliers  in  BDU. 

There  are  no  apparent  outliers,  either  short  or  long,  in  MOPP4. 
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APPENDIX  E 

PHYSIOLOGICAL  DATA  FOR  CREWMEMBERS 


The  crewmember  physiological  data  plotted  in  this  Appendix  were  recorded  with  the 
Biomedical  Field  Safety  Monitor  (BFS  ,,  a  telemetric,  persoitncl  monitoring  system  developed 
for  the  P^NBC^  Program  by  the  Walter  Reed  Army  Institule  of  Research  (WRAIR).  Collection 
of  data  for  this  exercise  was  managed  by  COL  Daniel  Redmond,  M.D.,  U.S.  Army,  Department 
of  Behavioral  Biology  at  WRAIR.  TTie  data  files  used  to  generate  the  plots  contained  herein 
were  provided  courtesy  of  COL  Redmond. 

This  Appendix  contains  one  page  for  each  participant  in  the  exercise.  Each  page  is 
headed  by  the  Participant  Identification  (PID)  number  and  crew  position  of  the  individual. 
Generally,  there  arc  three  plots  for  each  crewmember,  one  each  for  the  scenarios  in  BDU, 
MOPP4-S,  and  MOPP4-R.  Crew  1  (PIDs  10  through  19)  has  data  for  only  2  scenarios  since  it 
did  not  carry  out  a  scenario  with  regimented  rotation  of  positions. 

Each  plot  provides  the  time  dependence  of  the  crewmember’s  core  temperature  and  mean 
skin  temperature  according  to  the  lefthand  scale  and  his  heart  rate  according  to  the  righthand 
scale.  The  data  consists  of  5  minute  averages  for  each  quantity.  There  is  one  time  series  in  the 
data  files  for  heart  rate  and  one  for  core  temperature.  These  time  series  are  plotted  with  no 
additional  processing. 

There  are  .'.k'n  ‘.c.iipciatcre  series  for  three  sensors  in  the  data  files,  labelled  FTl,  ST2, 
and  ST3.  The  second  sensor,  ST2,  had  relatively  low  values  (26  to  28  “C)  with  frequent 
dropouts  and  is  not  used  here.  The  skin  temperature  plots  in  this  appendix  show  the  mean  of  the 
other  two  sensors.  These  sensors  also  had  occasional  dropouts  and  anomalous  readings  at  the 
beginning  and  ends  of  data  intervals.  To  minimize  the  impact  of  these  spurious  readings,  skin 
temperature  values  less  than  34  “C  are  eliminated  from  the  data  before  averaging. 

Finally,  for  mission  context,  each  plot  contains  markers  for  the  move  to  firing  print  events 
(inverted  triangles)  before  and  after  resupply  and  for  the  start  of  each  fire  mission  (vertical  hash 
marks).  The  time  scales  are  EDT. 
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